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By
AlisonM. Kayser
2001
ABSTRACT
The most important characteristic for porous medical packaging is the ability to keep
devices free from microorganisms from the point of sterilization to the point of use.
Downstream converting processes can affect the properties of a package material. One of
the most common converting steps is the addition of an adhesive coating. The current
test standard for measuring the ability of a porous barrier material to serve as a microbial
barrier is ASTM 1608-95. This test method was used to measure the microbial barrier
properties of a wide selection ofpackaging materials in both their coated and uncoated
forms. The test matrix consisted of five converters, eight medical device manufacturers,
three sterilization methods, five aging cycles, and three package styles - pouches, lidded
trays and form fill seal packages. The results were analyzed to compare the microbial
barrier properties of a given material in its uncoated state versus its coated state and also
to compare differences in microbial barrier properties of different porous packaging
materials.
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INTRODUCTION
For more than 25 years the medical device industry has relied on porous medical
packaging materials to sterilize and maintain sterility of their products. The most
important characteristic for porous medical packaging is the ability to keep devices free
from microorganisms from the point of sterilization to the point ofuse. Porous
packaging material is defined as: a material used in medicalpackagingwhich is intended
to provide an environmental and biological barrier, while allowing sufficient airflow to
be used in gaseous sterilization methods (for example, EtO, steam, gasplasma). l
Two main classes ofmaterials are used in porous sterile medical packaging -
DuPont Medical grade Tyvek and medical grade papers. Tyvek is a DuPont registered
trademark of spunbonded olefin manufactured from very fine continuous filaments of
high-density polyethylene (HDPE) bonded together by heat and pressure. Medical grade
papers are typically high basis weight papers that often are impregnated with a polymer
or non-natural latex during the manufacturing process to impart better tear resistance,
clean peel and wet strength.
There are two methods that each substrate can be used in a medical package: as an
uncoated substrate paired with a film or tray that has an adhesive system or as a coated
substrate paired with an uncoated or coated film or tray. The main function of a coating
is to provide an adhesive system that joins the two webs or sides of the package. This
seal must be able to withstand the rigors ofdistribution, sterilization cycles and handling.
'ASTM, 1996
Additionally the seal must also allow proper dispensing of the product and provide a
clean peel that does not generate fiber tear of the substrate itself.
1.0. OVERVIEW
A medical device package needs to be sterilized and it needs to maintain sterility.
Porosity is a crucial factor with most sterilization methods to operate optimally and
filtration capability is necessary for the microbial burden to be removed from the air
stream before, and after sterilization.
1.1. SterilizationMethods
Sterilization methods most often used are gamma irradiation or gamma and
ethylene oxide or EtO. Other methods that are used to sterilize porous packages are
electron beam or e-beam, autoclave or steam and gas plasma. Porous materials are
required for EtO, steam, and gas plasma (gas plasma cannot be used in conjunction with
paper). The applicability of sterilization methods are illustrated in Table 1.1.1.
Table 1.1.1
Sterilization and Material Compatibility
Sterilization Method Tyvek
Coated Latex
Saturated Paper
Ethylene Oxide (EtO) Yes Yes
Gamma Radiation Yes Yes
E-Beam Radiation Yes Yes
Steam Yes Yes
Sterrad Yes No
Under controlled conditions
Ethylene Oxide (EtO)
Both Coated latex saturated paper and Tyvek are suitable for EtO sterilization.
Tyvek outperforms medical papers at outgassing. EtO residuals dissipate from packages
made with Tyvek much sooner than they do from ordinary medical-paper packages.
Radiation (Gamma and E-beam)
Both medical papers and Tyvek materials are suitable for both gamma and e-
beam sterilization.
Steam
Medical paper and Tyvek are both suitable for steam sterilization. Tyvek must,
however be sterilized under controlled conditions in steam sterilization as to not exceed
the melting point ofHDPE. Tyvek retains dimensional stability and integrity at 250 to
260F (121-127C) at 30 psi for 30 minutes with no discoloration. Rigid or semi-rigid trays
restrict potential shrinkage and wrinkling which can result in a smoother/tighter lid. The
porous structure ofTyvek allows steam to enter and leave the package freely under
pressure, and helps minimize pressure stress fluctuations in the package structure while
maintaining bacterial barrier properties. (For maximum porosity, zone heat seal coatings
are recommended.)
Sterrad
Sterrad gas plasma sterilization systems cannot be used with medical paper.
The gaseous agent is reactive with paper and is not an acceptable method. Only packages
made from Tyvek can be used in Sterrad systems. Because of this exception,
Sterrad sterilization was not used as a point of comparison in this research.
Irradiation and e-beam do not require porous material but in some cases are
specified to allow off gassing ofdecomposition products. These decomposition products
are generated during the sterilization cycle and often have a foul odor.
Once a medical package is sterilized it is expected to maintain its sterility in even
non- sterile or non-clean environments. It must be able to remove bacterial and other
particles from air currents that pass through it effectively over all the conditions that it
will encounter. The microbial barrier porous material must be effective at continually
protecting the contents before, during and after sterilization in some cases for years at a
time. This demonstrates two very important characteristics that will be explored in this
research: The effect of adhesive coatings on porosity and the effect of adhesive coatings
on microbial barrier properties of porous medical packaging materials.
1.3. Statement ofProblem
Industry experts believe that heat seal coatings applied to Tyvek and medical
grade papers do not effect the microbial barrier properties.
1.4. Hypothesis
H = Heat seal coatings do not have an effect on the microbial barrier properties of
Tyvek and medical grade papers.
H0 = Heat seal coatings have an effect on the microbial barrier properties ofTy
ek and medical grade papers.
2.0. EXPERIMENTAL DESIGN
One of the key features of aMedical Device package that contains Tyvek or
medical grade paper is the sealing mechanism that marries the bottom and top webs
together. The adhesive system can be an integral part of the film or bottom web or can be
a coating on the Tyvek or paper itself. Within the US, several companies known
collectively as Sterile Packaging Manufacturers (SPMs) apply adhesive coatings to
Medical grades ofTyvek and paper. This results in Medical Packages having adhesive
coated or uncoated Tyvek ormedical grade paper as amicrobial barrier. The main
exception is uncoated systems are typically not used in conjunction with pre-formed rigid
trays.
There are several different types ofpackages that contain Tyvek and medical
grade paper within the medical device industry. Pouches and header bags are typically
composed ofTyvek or medical paper sealed to a flat, unshaped, flexible film in a wide
variety of length and width dimensions. Form/Fill/Seal (F/F/S) packages are made on
packaging equipment where the bottom web is a thermoforming film formed into the
shape required to package the particular medical device. The top web is made ofTyvek
or medical grade paper. Lidded trays consist of pre-formed rigid trays containing the
device and a Tyvek or medical paper lid sealed to the tray flange.
Leading Sterile Packaging Manufacturers utilize Statistical Process Control for all
major physical attributes of coated substances such as Porosity, Coat Weight and Bond
Strength to ensure the consistency of the product quality. The most common method for
coating medical packaging materials utilizes high speed, air knife coating machines to
produce heat sensitive adhesive coated Tyvek and papers. After coating, the various
substrates are processed through slitters for roll products or sheeting and guillotine
cutting for sheet requirements.
A large selection ofpackages was obtained to take into account the variety of
package configurations, sterile package manufacturers, sterilization methods, aging
cycles, medical device manufacturers and coating systems. Coating systems are
proprietary so no detailed specifications were available. Similarly with papers that were
tested, a sampling of typical medical papers was taken with and without coatings. The
test matrix was designed to act as a cross section of the medical packaging used today
and was also used to ensure that other phenomena were not being considered in the
observations such as the effect of aging or sterilization alone. The test matrix consists of
five (5) converters or Sterile PackagingManufacturers (SPM), Eight (8) medical device
manufacturers, three (3) sterilization methods- ethylene oxide (EtO), gamma irradiation,
and electron beam (e-beam) sterilization methods, five (5) aging cycles, and three (3)
package styles - pouches, lidded trays and form fill seal packages.
2. 1 . Package Considerations
Table 2.1.1 illustrates the properties ofTyvek 1073B and Medical paper used to
make popular hospital autoclave sterilization pouches (coated medical paper.) This list of
properties is given to illustrate the significant differences in performance and properties
of the substrates. For the purposes of this research the only property that will be
measured for analysis is the percent penetration data that is arrived at similarly to the
LRV or log reduction value. Other properties that were not measured will not be
considered in the scope of this research. When choosing a packaging material many or
all of the properties in Table 2.1.1 are taken into consideration.
Table 2.1.1 Comparison of Sterile Packaging Properties
Property Units Tyvek 1073B Autoclave
Paper Pouch
Bacterial Penetration1
Microbial Barrier^ LRV 5.3 1.9
Strength and Punclure Resistance-
MD Elmendorf
Tear Lb 0.82 0.13
CD ElmendorfTear Lb 0.84 0.14
Spencer Puncture in.-lb/in.2 50.0 8.3
Mullen Burst in.-lb/in.2 178.0 46.9
MD Tensile
Strength
lb/in. 41.7 33.0
CD Tensile
Strength
lb/in. 47.4 22.0
MD Elongation % 20.2 1.7
Peel Quality*
Seal Strength avg lb/in. 1.75 0.97
Fiber Tear 25 pkg. TestedNo fiber tear
7 pkg. had a
fiber tear
Moisture Resistance-
Hydrohead in. H20 62.0 18.6
Basis Weight oz/yd22.20 2.04
Data based on limited sampling. A popular type of autoclave paper pouch in use at many
hospitals was selected for these comparison tests.
**Per ASTM F 1608-95 for microbial ranking ofporous packaging materials.
***Seven of the 25 pouches tested had fibers from the paper attached to the film after opening.
Furthermore, the film tore on each of the 25 pouches during opening.
1. Bacterial Penetration ~ The higher the log reduction value (LRV), the more resistant the packaging is to
bacteria and micro-organisms. (A log difference of 3 signifies a difference of 1,000 units.)
2. Strength and Puncture Resistance - The higher the value, the better the package integrity. (MD signifies
machine direction; CD signifies cross direction.)
3. Peel Quality - High seal strength combined with no fiber tear means a clean, strong peel, decreasing the
risk of contamination.
4. Moisture Resistance The higher the value, the more resistant the package is to water and other liquids.
The results in Table 2. 1 .2 illustrate that there is no significant change inmicrobial barrier
properties of either medical papers or Tyvek when exposed to radiation sterilization.
Table 2. 1 .2. Radiation Sterilization Test Results
Property Item Original
Microbial 1059B 4.9
Barrier 1073B (uncoated) 5.6
LRV, ASTM 55# coated latex satur. Paper 4.0
F1608 44# medical grade paper 3.8
2.5 mil top web film (no^ ,, ,
applicable)
Gamma/30 Gamma/60
kGy kGy
5.1 4.5
5.3 5.4
3.5 3.9
4.1 4.1
(not (not
applicable) applicable)
There are two sources ofTyvek medical packaging. Material that is
manufactured in Richmond, Virginia and product that is manufactured in Luxembourg.
Typically, product from Richmond is used for packaging medical devices manufactured
within the Americas while the Luxembourg facility supplies Europe. The rest of the
global market is supplied by both locations. Table 2.3. Illustrates the properties of
Tyvek produced in Richmond versus Luxembourg.
Table 2.1.3 DuPont Manufacturing Level Testing
Tyvek Source Richmond Luxembourg
Merge Number 18025 13190
Value Standard
Deviation
Value Standard Deviation
Delamination Strength, pli 0.50 0.12 0.53 0.11
Gurley Hill Porosity, sec. 21.15 7.25 24.18 6.94
Spencer Puncture, in
lbs/in2
45.90 19.58 67.68 16.45
Basis Weight,
oz/yd22.22 0.06 2.23 0.05
Microbial Barrier, LRV 5.40 0.21 5.39 0.30
Sample size for each value = 30.
10
To ensure that there was equal representation ofmaterials produced from each
site, halfof each test group was made with Luxembourg product and halfwas made with
Richmond product.
2.2. Device Production Conditions
Devices were produced using normal manufacturing processes by a variety of
manufacturers. The objective was to duplicate the normal manufacturing process as
closely as possible. No testing other than the normal manufacturing process and quality
control testing was required of any of the manufacturers. The only deviation from the
normal manufacturing process were to obtain a set ofpackages that were not sterilized,
and to sterilize all other package sets at the maximum level for which they were
validated.
2.3. Device Selection Criteria
Devices were selected to represent all major packaging types and sterilization
methods. For this test a pouches, form-fill-seal (FFS), and rigid trays were selected and
sterilized by ethylene oxide (EtO), gamma radiation, and electron beam radiation. It
proved particularly difficult to find devices sterilized by electron beam radiation and only
a tray and a form/fill/seal sample were available for this test.
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2.4. Test Specimen Production
All test specimens not consisting of entire packages were cut with precision
cutting equipment. The Microbial Barrier specimens were cut with a precision steel
cutting die on a hydraulic die cutter.
2.5. Test specimen quantities
Test
Microbial Barrier
Visual Inspection
Sample Quantities
1 specimen from each of 10 packages or
All packages
Note: In some cases where very small packages were involved, more than 10 packages
were required to obtain the necessary microbial barrier samples.
2.6. Specimen Aging Conditions
Accelerated aging was conducted at 55C and 75% RH.
2.7. Microbial Barrier Tests Performed
All sample packages were tested at the Ethox Corporation in Buffalo, New York
to evaluate the microbial barrier performance utilizing ASTM F
1608-95el
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ASTM F 1608-95 Standard TestMethodforMicrobial Ranking ofPorous Packaging
Materials Exposure Chamber Method
The barrier properties of the various Tyvek and medical grade paper specimens
were determined using the ASTM 1608-95 test method. Ten specimens of from each
sample set were run, 5 specimens in each of two runs. For some of the medical papers 15
samples were run. Vacuum was adjusted to create a flow rate of 2.8 liters per minute
(lpm) of the challenge aerosol through the specimens The flow was maintained for 15
minutes. The test organism used in ASTM 1608-95 is endospores ofBacillus subtilis var.
niger. These spores are nonpathogenic, exist as discrete cells, produce readily
measurable colonies, and are robust.
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2.8. Calculations Used
Sample Calculation:
For this research the following calculations were used to determine the reported percent
penetration of amaterial sample:
% Penetration = number ofColony Forming Units (CFU's) / Microbial Challenge xlOO
Table 2.8.1. shows a sample data table to illustrate how a percent penetration value is
calculated.
Table 2.8.1. Sample Calculation:
Test group
"X"
Biological Barrier,
LRV
Vacuum Challenge Result
7.9 1100000 0 0.000000
7.9 1100000 6 0.000545
7.9 1100000 2 0.000182
7.9 1100000 0 0.000000
7.9 1100000 2 0.000182
8.2 1100000 1 0.000091
8.2 1100000 2 0.000182
i,
'
8.2 1100000 0 0.000000
8.2 1100000 1 0.000091
8.2 1100000 L_ 0.000000
Total 11000000 14
For this test group
"x" there were two corresponding test data reports from Ethox
corporation that summarized all test conditions including: inoculum, vacuum level,
14
nebulizer operating pressure, flow rate (fixed at 2.8 1pm), exposure time and challenge
run number.
2.9. Test Specimen Description
The vacuum readings are recorded for each challenge run of seven samples.
There are seven tests run in a given test set. Five material samples, one positive control
and one negative control. The positive control membrane collects all spores that
challenge the membrane. The positive control membrane is diluted into a countable
range and used to determine the challenge number. The challenge number is the number
ofviable spores that are collected. Since non-viable spores are not able to produce
colonies on the growthmedium they are not counted. Therefore the challenge is referred
to as CFU's or Colony Forming Units.
2.10. Sample Preparation
Samples are cut into disks in order to fit the filter holder using a disk cutter. The
minimum sample size for a given material is two. In order to improve precision and bias
for this research, aminimum sample size for a given material was set at ten.
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2.11. Data Collection
The "result" is the number of colonies that form on the test sample. If the number
of colonies is too numerous to count as is seen inmany of the paper samples, the sample
is diluted into a countable range and the result is calculated.
According to ASTM F 1608 12.1, " The ability of a packaging material to resist passage
ofmicroorganisms is expressed as the log-reduction value (LRV) which is calculated by
the following calculation:
LRV = log(10)N(0) - log(10)N(l)
Where:
N(0) = average bacterial challenge determined from the challenge control filter, CFU
N(l) = average number ofbacteria passing through Test Sample 1, CFU.
IfN(l) is less than 1, LRV is expressed as >log(10)N(0).
Because of the difficulty in plotting and describing data sets that contain values where
N(l) is zero, percent penetration was calculated and reported. The percent penetration is
an equally valid calculation and is normalized to each respective challenge number. This
calculation allows plotting on a linear scale and allows management of zeros. It is
convention to replace a zero (0) with a one (1) to allow plotting of a series of results. It
was considered that this is far more inaccurate than plotting percent penetration as there
is a difference between amaterial that allows 1 spore per 100,000 and 1 spore per
1,000,000 and zero spores per 1,000,000 or 100,000. Using the convention, all of these
would be considered the same.
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The percent penetration as described above is the "Result" or number of
calculated CFU's divided by the "Challenge" or number ofCFU's in the positive control
xlOO.
%Pen = CFU/Challenge xlOO
3.0. TEST SAMPLE VARIABLES
This section will detail the make up of each of the ten sample groups. It should be
noted that the identity of the participating Medical Device Manufacturers and Sterile
Packaging Manufacturers has been protected. The eight sample groups that contain
Tyvek came from five different SPMs and eight different MDMs. The US paper
samples came from a known US converter and known US manufacturer. There is not
much detailed information available on the sources of the Japanese samples and they are
not considered as in the same category as US papers for purposes of this research.
17
Sample Set 1
Unprinted, coated lid stock
Sterile Packaging Processes and Materials
Coating weight, lb. / ream
Gurley porosity, sec.
Seal strength on OPS
1.5 sec, 275F, 65 psi
5.44
48.5
1.78
Device Production andMaterials
Product description
Packaging equipment
Bottom web
Process conditions
Irrigation kit
Tiromat 2500 form/fill/sealmachine
8 mil SURLYN/EVA (PN K2061)
122C, 2.5 sec. dwell, 110 psi
Printing None
Sterilization
Method
Cycle/exposure
Sterility test
Residuals
Ethylene Oxide
One cycle, 120F, 100% EtO
Not performed
Not performed
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Sample Set 2
Printed, coated lid stock
Sterile Packaging Processes and Materials
Coating weight, lb. / ream 7.6
Gurley porosity, sec. 56
Seal strength on PETG,
2.0 sec, 275F, 65 psi 1.82
Seal strength on PE, 2.36
0.5 sec, 275F, 65 psi
Printing Flexographic
Conversion method Roll lid stock
Device Production and Materials
Product description
Packaging equipment
Bottom web
Process conditions
Preheat
Form
Seal
Sterilization
Method
Cycle/exposure
Product release protocol
Surgical Pencil
TW Kutter 3000 Form-Fill-Seal
Kodar 6766 PETG, 25 mil
56 C, 8.09 sec.
29 C, 7.5 sec.
1 19 C, 3.9 sec. dwell, 69.6 psi
EBeam
2 x 68 kGy
Parametric
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Sample Set 3
Unprinted, coated lid stock
Sterile Packaging Processes and Materials
Coating weight, lb. / ream
Gurley porosity, sec.
Seal strength,
6.83
22.2
1.8
Device Production and Materials
Product description
Packaging equipment
Bottom web
Process conditions
Package only
Not reported
EVA/SURLYN/EVA
Not reported
Sterilization
Method
Cycle/exposure
Product release protocol
Gamma irradiation
2 exposures totaling 32.5 to 42.9 kGy
Parametric
20
Sample Set 4
Coated, printed pouch
Sterile Packaging Processes and Materials
Seal strength 3.85
Printing None
Conversion method Bar sealer
Pouches
Process conditions
Bottom web
Not reported
48 ga polyester / 2.5 mil LDPE
Product description
Packaging equipment
Process conditions
Sterilization
Method
Cycles/exposure
Product release protocol
Sterility test
Residuals, ppm
Ethylene oxide
Ethylene chlorohydrin
Ethylene glycol
Device Production andMaterials
IV Extension
Not reported
Not reported
Oxyfume 2000 (ethylene oxide)
3 full cycles
Trypticase soy broth
0/10 0/10
Not reported . 1 1 mg/package
Not reported <.055 mg/package
Not reported .21 mg/package
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Sample Set 5
Coated lid stock
Sterile Packaging Processes andMaterials
Coating weight, lb. / ream
Gurley porosity, sec.
Seal strength on PETG, pli
2.0 sec, 275F, 65 psi
Seal strength on PE, pli
0.5 sec, 275F, 65 psi
7.5
68.5
2.1
3.25
Printing method Flexographic
Product description
Packaging equipment
Bottom web
Process conditions
Device Production and Materials
Surgical Pencil
Unknown form/fill/seal
20 mil PETG
Not reported
Sterilization
Method
Cycle/exposure
Product release protocol
Electron Beam
2 x 30 kGy
Parametric
22
Sample Set 6
Printed, coated pouch
Sterile Packaging Processes and Materials
Coating weight 6.8
Gurley porosity, sec. 136
Seal strength
Pe/PET, pli 2.24
PETG, pli 2.22
Printing Method Flexographic
Process conditions Not reported
Bottom web 2.5 mil PE/polyester
Device Production andMaterials
Product description Catheter
Packaging equipment Impulse sealer
Process conditions 200F, 70 psi
Sterilization
Method 100% Ethylene Oxide
Cycle/exposure 6hrs.;1355F
Residuals, ppm
Ethylene oxide 2.6 2.0
Ethylene chlorohydrin <1 <1
Ethylene glycol <1 <1
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Sample Set 7
Die cut, coated, printed lid
Sterile Packaging Processes and Materials
Coating weight, lb. / ream 8.9
Gurley porosity, sec. 227
Seal strength, pli 1.83
Process conditions 4 sec, 248F, 40 psi
Printing method Flexographic
Device Production and Materials
Product description
Packaging equipment
Bottom web
Process conditions
Trocar
Not reported
25 mil PETG
Not reported
Sterilization
Method
Cycle/exposure
Product release protocol
Gamma radiation
Not reported
Parametric
24
Sample Set 8
Printed, uncoated pouch
Sterile Packaging Processes and Materials
Seal strength
Printing method
Not reported
Flexographic
Pouches
Product designation
Bottom web
Uncoated TYVEK
48 ga. polyester/2.5 mil LDPE
Device Production and Materials
Product description
Packaging equipment
Process conditions
Syringe extension
Moving belt heat sealer
16 fpm (approximately 2.5 s), 255F, 60 psig
Sterilization
Method
Cycle/exposure
Product release protocol
Gamma irradiation
2x15 kGy
Parametric
25
Sample Set 9
Printed, uncoated 72# paper
Sterile Packaging Processes and Materials
Seal strength N/A
PrintingMethod Not reported
Pouches
Process conditions Not reported
Device Production and Materials
Product description
Packaging equipment
Process conditions
Not reported
Not reported
200F, 70 psi
Sterilization
Method
Cycle/exposure
Residuals, ppm
Ethylene oxide
100% Ethylene Oxide
6hrs.;1355F
Not reported
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Japanese Paper Samples:
Very limited information is known on the manufacturing processes involved in
generating the samples that were used for this research. These data points were
considered as one large test group and are described below.
Japanese Sterile Papers # Samples Tested Known Sterilization
MED
TOK
WIC
SP41
TOP
MED- J-65 2.5 MRAD
WIC 2.5 MRAD
TOP 5.0 MRAD
SP41 2.5 MRAD
TOK 2.5 MRAD
15
15
15
15
15
15
15
16
15
15
2.5 MRAD gamma
2.5 MRAD gamma
5.0 MRAD gamma
2.5 MRAD gamma
2.5 MRAD gamma
Total 151
27
US Paper Samples
Similarly to the Japanese paper samples, there was less detailed information available on
the manufacturing specifications of the US paper samples.
Similarly, known like groupings were considered as one large data set for purposes of
comparison.
For example: 44# uncoated paper samples from same Sterile PackagingManufacturer
were grouped together. Detailed testing reports are in Appendix X.
US Sterile Papers # Samples Tested
US Manufactured 72# Paper 10
US Manufactured 44# uncoated 40
US Manufactured Uncoated KB 40
US Manufactured Coated 60
Known Sterilization
EtO
E-beam, EtO, gamma
E-beam, EtO, gamma
E-beam, EtO, gamma
Total 150
28
4.0. DISCUSSION
The fundamentals ofhow a heat seal coating is applied, how it functions and how
Tyvek and medical papers act as amicrobial barrier are explained in this section.
These properties are necessary to evaluate the results of this research.
4.1. Scanning ElectronMicroscope Images
In order to illustrate what a typical air knife heat seal coating
"looks" like a series of
scanning electron microscope or SEM images were taken of several commercial samples
ofTyvek / film pouches. Because of the necessity ofmaintaining porosity, traditional
coating or laminations would render amaterial that was no longer porous enough to
perform properly in the sterilization environments described earlier in this paper. A
unique system was developed that allows discrete areas of adhesive to coat the surface
leaving enough surface area to "breathe". In Figure 4.1.1, a 100 x magnification of
Tyvek surface is shown. The random orientations of fibers and natural tortuous paths
can be seen.
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Figure 4.1.1. SEM Image ofTyvek Surface lOOx
SEM 100X
In Figure 4. 1 .2, a further close up of the Tyvek surface is shown at amagnification of
300x.
Figure 4. 1 .2. SEM Image ofTyvek Surface 300 x
SEM 30OX
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Figure 4.1.3. is a SEM image of the surface ofTyvek that has been coated with an
adhesive coating. Figure 4.1.4, 4.1.5 and 4.1.6 are the same surface at greater (300x,
lOOOx and 3OOOx) relative magnification It is clear in the image that the surface has been
made more uniform by the coating and that the open spaces that are evident in Figure
4.1.1. and 4.1.2. respectively are not as visible.
Figure 4.1.3. SEM 1 00 x Coated Tyvek
SEM 100X
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Figure 4. 1 .4. SEM 300 x Coated Tyvek
SEM 300X
Figure 4. 1 .5. SEM 1 000 x Coated Tyvek
SEM 1000X
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Figure 4. 1 .6. SEM 3000x Coated Tyvek
SEM 3000X
The next set of SEM images were taken of the film side of the packages to illustrate
how the heat seal coating functions when applied to the Tyvek. Figures 4.1.7-4.1.10,
the seal area of the package is shown at lOOx, 3OOx, lOOOx and 3OOOx magnifications.
The areas that look like fibers ofTyvek are actually impressions made in the heat seal
that has been transferred to the film surface. The greater magnification images show the
adhesive on the film and the burrows that are left when the Tyvek is peeled away.
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Figure 4.1 .7. SEM lOOx Film Surface - Seal Area
SEM 100X
Figure 4. 1 .8. SEM 3OOx Film Surface - Seal Area
SEM 300X
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Figure 4.1.9. SEM lOOOx Film Surface - Seal Area
Figure 4.1.10. SEM 3000x Film Surface - Seal Area
SEM 3000X
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The final set of images Figures 4.1.11.-4.1.14. illustrate how the heat seal
coating is applied to the Tyvek surface. The coating (in this case an EVA coating is
applied in an aqueous suspension using the aforementioned air knife method. There is a
proprietary mixture ofmultiple materials that are not compatible and allow the formation
of discrete areas or domains of adhesive. This phenomenon can be seen in the 3000x
image as spheres. This is a crucial feature that allows a very uniform heat seal without
the loss ofporosity that is required of these medical packaging materials.
Figure 4.1.11. SEM 1OOx Coated Tyvek Surface
SEM 100X
36
Figure 4.1.12. SEM 300x Coated Tyvek Surface
SEM 300X
Figure 4.1.13. SEM 1OOOx Coated Tyvek Surface
SEM 1000X
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Figure 4.1.14. SEM 3000x Coated Tyvek Surface
SEM 3000X
4.2 FiltrationMechanisms
It is necessary to understand how porous material functions as a microbial barrier.
It is a misconception that fibrous packaging materials behave like a sieve where particles
above a certain size are trapped and smaller particles pass through. Filtration that occurs
with Tyvek and medical grade papers is very different from filtration that occurs with
filters such as membrane filters in liquids.
There are three mechanisms at work that prevent the passage ofparticles or
bacteria through a porous material as shown in Figure 4.2. 1 . The dashed line represents
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the particle or spore's air stream while the solid line represents the particle or spore's
path as it is captured by the fiber. The circle represents a cross section of a fiber.
Figure 4.2.1. Mechanisms of Particle Capture
Interception
Circle = fiber Dashed line = air stream
lnertial Impaction
Circle = fiber Dashed line = air stream
Diffusion
***# *
**/ if
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Interception occurs when a particle in an air streamline is travelling through the
open spaces in a porous material and passes within V2 of its diameter to the surface of the
fiber. Interception occurs without the particle leaving the air streamline. Interception of
a particle occurs randomly throughout the filtration curve of a material. The frequency of
this event is proportional to the number of fibers.
Inertial Impaction - occurs when a particle or microorganism is travelling in an
air streamline, leaves the streamline as it moves around a fiber. The inertia of the
travelling particle must be sufficient to cause it to deviate from the air streamline and
collide with the fiber.
Diffusion - occurs as a particle or microorganism travels through the substrate and
exhibits Brownianmotion or random movement. The diffusion mechanism ofparticle
retention is the result of the Brownian motion of gas molecules. Small particles, with
diameters in the range of 0.1 urn and below (much smaller than the Bacillus spores used
in ASTM 1608-95) , tend to make random motions due to their interaction with the
chaotic moving gas molecules. As the gas molecules bump these small particles they too
begin moving randomly about, bumping into other particles as well. Diffusion is
predominant with low gas velocities and smaller particles. The smaller a particle is and
the lower the flowrate, the more time it will have to zigzag around, thereby giving it
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much better chance ofhitting and sticking to a Tyvek or paper fiber. It should be noted
for later reference that this mechanism is not demonstrated at the high flowrate and
relatively large particle diameter used in ASTM 1608-95 in this research. The ASTM
method aforementioned has a fixed flow rate of 2.8 liters/minute and a Bacillus subtilis
var. niger spore with relatively large diameter.
To illustrate the limitation of data from ASTM 1608-95 Table 4.2.1. depicts the
typical flow rates encountered by medical packaging.
Table 4.2.1 Environmental and TestMethod Flow Rates
Physical Test Method or
Environmental Condition
Volume Flow Rate
Dm3min"1cm"2
Face Velocity
Cmmin"1
DIN 6.0X10"4 0.006
ASTM F 1608 1.4xl0_1 1.4
Manual Handling
lxlO"J 0.01
Air Travel lxlO-4 0.001
4.3 Data Discussion
In Figure 4.3.1. a summary of all ten test group results are shown. This summary
graph only depicts the average or mean penetration values of each of the sample sets.
It can be seen that the best (lowest) penetrations are coated Tyvek sample sets 1-7.
The next lowest is uncoated Tyvek in sample group 8 followed by coated paper in
sample group 10 with the poorest microbial barrier being uncoated paper in sample
group nine. It is important to note that this is a log scale and there are orders of
magnitude between the Tyvek sample sets and the uncoated paper. It is because of
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the great differences that these values must be plotted on a log scale. Figures 4.3.2.-
4.3.1 1 are the individual plots of each sample set. These plots will include the data
spread and a trend line. In most cases the trend line has a negative slope that
indicates as the vacuum value increases, the percent penetration decreases. This
indicates that as the porosity is decreased by adding a coating, the corresponding
microbial barrier properties are increased in that there is a lower percent penetration
at higher vacuum values.
Figure 4.3.12 is a summary plot of all samples ofuncoated paper, coated paper,
uncoated Tyvek and coated Tyvek. This graph is also plotted on a log scale. It is
easy to see from this graph the relative performance characteristics ofTyvek and
paper in their respective coated and uncoated configurations. Figure 4.3. 13. is the
exact same data set plotted on a linear scale for comparison. Because of the wide
data spread and high penetration values of uncoated papers, the majority of the data is
grouped around the "x" axis. This demonstrates that Coated and uncoated Tyvek as
well as many of the coated paper samples are very close to zero percent penetration.
The effect of coating is quite dramatic when the uncoated paper data is compared
with the coated paper data.
Figure 4.3.14. is a plot of only coated and uncoated papers. This comparison is a
direct demonstration of the effect of adhesive coating on the microbial barrier
properties as well as the distribution or spread of the results. The data summary
tables can be viewed in Appendix A.
o
o
o
o
o
o
o
o
o
o
b
31
, -
< ro
iF
CO
;
en
CD
#
e 00
0
o
a
I
Q.
TJ
CD
Crt
^*
o
3
c
o
3
g-
00
c
D
-* CD 00 -si (3> Ul
~ II II II II II
" C 5 D Q Q
CO N> -.
II II II
IISRciclclRclcl
h5< O O (D (D CD
S *< *- :*- tt :* ?r ;*r ;r
33
CD
3 3D
? ? ?x ?
0
CD 00 -vl OJ Ol -&> CO N) - *
% pen
P p p p o o p
O O
51
c
rv)
O)
oo
ro
o
8?
i
O
+
o
CO
% pen
o
b
o 2
j
o
b
o
o
o
CO
o
b
o
o
b
o
Ol
o
b
o
o>
o
o
iv>
<
D>
O
C
c
3
5'
x
(Q
o>
00
rv)
?
?
4' ?
?
?
00
03
3
D.
CD
00
CD
Ol
m
b
en
x
+
o
b
o
o
oo
1 ?
00
-J 0)
0 -i
T3
,^-s. CD
00
0)
3
00
CD
T3 ro
CD
00
CD
*-
M
' '
% Pen
o
b
o
o
o
o
o
b
o
o
o
o
o
o
b
o
o
o
o
o o o o o o
o o o o o o<_> o o o o oro CO ->. CJ1 O) ~s|
o o o o o o
<_> o o o o o
o o o o o o
31
4^
IV)
<
D>
O
c
c
3
(Q
CT>
00
M
00
0)
3
o
CD
00
CD
CO
4^
m
1
o
en
x
+
o
b
o
o
en
1 ?
r~ 00
tt>
CD -)
111
\
T3
^-^ CD
00
0)
3
00
CD
r- 1-
0 CO
CD
00
CD
r-t-
CO
' '
Ol
% Pen
p o o o o o o
Q CD CD CD CD CD CDO O O O O -* -*
o ro 4^ <j) oo o r\D
o o o o o o o
o o o o o o o
o o o o o o o
S1
iw
I
4^
ro
CD
<
0)
o
c
c
3
5'
X
ro
6 $5?
CO
3
D
CD
CO
CD
en
m
6
CD
X
+
CD
b
o
4> Z5 JD
0
CO CO
0 JD
0
4^
% Pen
p o o o o o o o o ob
o
o
b
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o l\0 >. O) CO o m 4^. CT> noo o o o o o o o o I 1o o o o o o o o o o
51
do'
CD
4^
U)
OS
(V)
<
0>
O
c
c
3
5*
I
CD
CO
i\d
? ?
? ?
CO
03
3
-g_
CD
00
CD
cn
m
6
cn
x
+
o
b
o
o
i\o
1 ?
ro
-J 03
CD -?
(A) a
^m.s CD
CO
3
00
CD
T3 Cn
CD
CO
0)
cn
4^
5 Pen
o
b
o
b
o
o
b
51
do'
4^
<
o
c
c
3
5'
X
10
co
a
3
3L
01
m
+
o
b
o
o
cn
1 ?
r-
ro
IB
CD -)
U> T3
CD
10
=1
CO
CD
73 C)
CD
<n
m
CD
4^
CO
31
do'
i
4^
i>J
bo
4*
CD
% Pen
oooooooooo
o o
o cn
o o
o o
o o
o o o o
M M CO CO
O cn O Cn
o
o
o
o
o
o
o
o
o
o
o
o
o
4^.
o
o
o
o
o
4^.
cn
o
o
o
31
do'
4*
sO
ru
00
? ?
CO
03
3
D
CD
CO
CD
t t-
00
o
b
o
o
cn
X
o
o
1 ?
r-
00
-I 03
CD -1
03 T3
^-^, CD
CO
03
3
CO
CD
-0 00
CD
CO
CD
1-+
00
01
o
o% Pen
o
CO
o o
cn
? ?
? <?
31
do
4^
CO
a>
3
"O
CD
CO
cn
Log PENETRATION
o
o
o
o
o
o
o
o
b
o
o
b
u v-
Lv^lvi^
31
do
I
4^
INJ
o
O
O
>
M
o
$
m
o
H
-<
<
m
>
o
m
3D
cn
X ?
c O O C
z. O O z
0 > > 0
0 -H H 0
> m m >
H 0 0 H
m H "0 m
0 3 > 0H "0 T>
3 m7; m3J >0
m m
7v ZD
IS3
gdgqgjg
>0>>C>)C)00 . -i _l -i. _*. ^ _^ mm
-Mu^wro>jcob--Mu^6ic^a)iflioilM
???
<?? $**> \
cn
A
cn >
SB
IV)
cn
31
do'
I
4^
cn
CO
PERCENT PENETRATION
o
In o
j-O-
O
cn - cn N>
IV)
cn
31
do
6
ft
4^
Ol
(O
<
c
j^*fW5*w
!!
cn
o
b
o
ro
CD
X
+
CD
b
? <> ?
II
o
b
o
X
+
o
cn
CD
-nI
-vl
O
o
m
a
<
CO
o
o
a
m
a
o
>
0
m
30
1 | ?
r-
1
1
O c
3 3 O -^
CD CD
r 3 00
^-v. , _ Ill >
c O O H
z 0 m
0 > 0
0 H
T> III
H U
m
'
o
cn
4^
3i
do"
n
n
4^
cn
cn
%Penetration
o
ho
o p
CD
o
co ro
31
do'
i
4^.
IV)
<
03
o
c
c
3
5"
x
(Q
CD
CO
ro
? ? if
? ?
o
o
X
+
o
ho
co
4^.
?o ?
c
CO
c
O
O
CD
CD
Q.
"D
CO
o
0
1 ?
0 c 1 vl c f~ "O C c
inearncoaaper
J\3 3
* 0 CO
03 ZS
T3 O CO
O CD O
03 -1 pj
S CD '-*
1 t-
CD 21 CD
S Q. C Q. CT Q.
CO
cn
01
o
o
o
o
b
o
% Pen
o o o
bob
N> CO >.
o o o
o
cn
o
31
do'
n
CD
cn
< o
u
o
c
c
3
5"
I
(Q _i
cn
o
K3
cn
o
o
ro
CD
X
+
o
b
4^.
CO
o
o
CO
CD
Q.
Tl
Co
a
cd
co
1 ?
I- Tl n
5 0J 0
CD "O DJ
a> CD CD
tfi Q.
cn
-J
Missing Page
59
5.0 CONCLUSIONS
Through analysis of the data, it was determined that adding an adhesive coating
has a significant effect on the microbial barrier properties ofTyvek and medical grade
papers. It was found that the microbial barrier capability increased as a coating was
added. Additionally, the heavier the coating as measured by the higher the vacuum
required to pull the ASTM F 1608-95 stipulated flow rate, the better the microbial barrier.
This supported the null hypothesis that adding an adhesive coating had an effect on
microbial barrier. Further, it was determined that the effect was positive in that it
improved the microbial barrier characteristics ofmaterial as well. A second conclusion
was made about the effect of coatings on packaging materials. The range ofvalues for an
uncoated substrate is much larger than the range ofvalues in the respective coated
substrate. The coating not only imparts better microbial barrier properties, but also
provides more uniform properties. Both Tyvek and medical papers are non-uniform
surfaces. There are inherent thin and thick spots in the material. These variations allow
for a range of results in amicrobial barrier test that is dependent on the thickness of the
sample. The spread of data was smaller across coated samples versus uncoated samples.
This difference is most dramatic in the medical paper samples. Overall, Tyvek in its
coated or uncoated forms provides the most superior microbial barrier properties. Some
of the coated medical papers had comparable microbial barrier properties to uncoated
Tyvek . The uncoated medical papers had the poorest microbial barrier and the greatest
variability as well. It is recognized at the end of this research that these conclusions can
only be drawn from the samples that were tested and more importantly for the flow rate
stipulated in the ASTM F 1 608 standard used. This research provided valuable insights
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into the effect of adhesive coatings on the microbial barrier characteristics ofTyvek and
medical papers. This information should be considered when choosing a porous medical
packaging material to best suit the needs of the product and the environments it will
encounter ensuring that it reaches the user sterile and intact.
The conclusions drawn from this research are most limited by the constraints of
the ASTM Test Methodology. The flow rate is fixed and the particle size is fixed by use
of a reference organism. New test methodologies are in development that will allow for a
more complete profile ofmaterial performance under varying flow rates and varying
particle sizes that will yield more comprehensive data. In real world conditions, a
medical package will encounter numerous flow rates and pressure differentials as well as
a challenge ofvarious microorganisms ofvarying diameter. When these test
methodologies become validated and accepted by the medical device community, it
would be advisable that test materials used in this thesis be studied under the new
methodologies.
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Appendix A
Data Summary Tables for US and Japanese paper ASTM F 1608-95 Tests
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KK72
Biological Barrier, LRV
vacuum Challenge Result "T -J
10.6 1500000 7550 0.5033333
10.6 1500000 4500 0.3000000
10.6 1500000 4600 0.3066667
10.6 1500000 3450 0.2300000
10.6 1500000 4200 0.2800000
10.4 830000 1550 0.1867470
10.4 830000 1200 0.1445783
10.4 830000 2450 0.2951807
10.4 830000 1600 0.1927711
10.4 830000 900 0.1084337
Total 11650000 32000
10.5
0.254771084
MED-
1 UNCOATED
Biological Barrier,
LRV
vacuum Challenge Result
7.1 2900000 9450 0.3258621
7.1 2900000 8100 0.2793103
7.1 2900000 11050 0.3810345
7.1 2900000 15900 0.5482759
7.1 2900000 15350 0.5293103
7.3 1500000 13900 0.9266667
7.3 1500000 16000 1.0666667
7.3 1500000 15600 1.0400000
7.3 1500000 19150 1.2766667
7.3 1500000 14050 0.9366667
Total 22000000 138550
7.2 0.731045977
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MED-
j 2UNC0ATED
Biological Barrier,
LRV
vacuum Challenge Result
7.4 1800000 8050 0.4472222
7.4 1800000 16200 0.9000000
7.4 1800000 7300 0.4055556
7.4 1800000 11300 0.6277778
7.4 1800000 9650 0.5361111
Total 9000000 52500
7.4 0.583333333
WI-1 UNCOATED
Biological Barrier, LRV
vacuum Challenge Result
7 840000 16150 1.9226190
7 840000 19500 2.3214286
7 840000 11800 1.4047619
7 840000 15900 1.8928571
L 7 840000 11050 1.3154762
7.3 2200000 14800 0.6727273
7.3 2200000 15050 0.6840909
7.3 2200000 19550 0.8886364
7.3 2200000 15350 0.6977273
7.3 2200000 14050 0.6386364
Total 15200000 153200
7.15 1.243896104
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WI-2UNC0ATED
Biological Barrier, LRV
vacuum Challenge Result
7.1 2400000 20100 0.8375000
7.1 2400000 13850 0.5770833
7.1 2400000 24500 1.0208333
7.1 2400000 18600 0.7750000
7.1 2400000 23150 0.9645833
Total 12000000 100200 0.835
TOK-1UN COATED
Biological Barrier, LRV
Vacuum Challenge Result
7.6 2200000 8050 0.3659091
7.6 2200000 6900 0.3136364
7.6 2200000 11050 0.5022727
7.6 2200000 10500 0.4772727
7.6 2200000 10700 0.4863636
7.1 2000000 3900 0.1950000
7.1 2000000 7550 0.3775000
7.1 2000000 5250 0.2625000
7.1 2000000 7100 0.3550000
7.1 2000000 7150 0.3575000
Total 21000000 78150
7.35 0.3692955
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TOK-2UMCOATED
Biological Barrier, LRV
vacuum Challenge Result
7.4 1E+06 13150 0.9393
7.4 1E+06 11900 0.85
7.4 1E+06 10350 0.7393
7.4 1E+06 15100 1.0786
7.4 1E+06 7550 0.5393
Total 7E+06 58050
7.4 0.8293
SP-41-1 UNCOATED
Biological Barrier, LRV
vacuum Challenge Result
7.6 2000000 1655 0.069
7.6 2000000 3040 0.1267
7.6 2000000 2400 0.1
7.6 2000000 2485 0.1035
7.6 2000000 3335 0.139
7.5 3000000 265 0.0091
7.5 3000000 430 0.0148
7.5 3000000 500 0.0172
7.5 3000000 355 0.0122
7.5 3000000 1020 0.0352
Total 30000000 15485
7.55 0.0627
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SP-41-2UNCOATED
Biological Barrier, LRV
vacuum Challenge Result
7.4 490000 350 0.0714
7.4 490000 350 0.0714
7.4 490000 565 0.1153
7.4 490000 720 0.1469
7.4 490000 415 0.0847
Total 2000000 2400
7.4 0.098
| PMCOPS55CTED
Biological Barrier, LRV
vacuum Challenge Result
8.5 2000000 300 0.0188
8.5 2000000 345 0.0216
8.5 2000000 380 0.0238
8.5 2000000 715 0.0447
8.5 2000000 350 0.0219
9.4 1000000 755 0.0629
9.4 1000000 885 0.0738
9.4 1000000 765 0.0638
9.4 j 1000000 880 0.0733
9.4 1000000 860 0.0717
Total 10000000 6235
8.95 High 3 sigma 3.30 0.0476
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44#MDCOATED
1003 Biological Barrier, LRV
vacuum Challenge Result
17.3 2000000 28 0.0018
17.3 2000000 66 0.0041
17.3 2000000 32 0.002
17.3 2000000 62 0.0039
17.3 2000000 50 0.0031
17.7 2000000 50 0.0029
17.7 2000000 110 0.0065
17.7 2000000 46 0.0027
17.7 2000000 72 0.0042
17.7 2000000 80 0.0047
Total 20000000 596
17.5 0.0036
I TPPN#3-1 UNCOATED
Biological Barrier, LRV
vacuum Challenge Result
14.9 340000 178 0.0524
14.9 340000 143 0.0421
14.9 340000 103 0.0303
14.9 340000 166 0.0488
14.9 340000 134 0.0394
15.6 390000 73 0.0187
15.6 390000 67 0.0172
15.6 390000 120 0.0308
15.6 390000 72 0.0185
15.6 390000 80 0.0205
Total 4E+06 1136
15.25 0.0319
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TPPN#3-2
Biological Barrier, LRV
Vacuum Challenge Result
14.6 560000 118 0.0211
14.6 560000 103 0.0184
14.6 560000 95 0.017
14.6 560000 134 0.0239
14.6 560000 93 0.0166
Total 3E+06 543
MDCJ65-1UNCOATED
Biological Barrier, LRV
Vacuum Challenge Result
7.4 460000 5300 1.1522
7.4 460000 5150 1.1196
7.4 460000 3600 0.7826
7.4 460000 4800 1.0435
7.4 460000 950 0.2065
9.7 420000 3500 0.8333
9.7 420000 4200 1
9.7 420000 6050 1.4405
9.7 420000 4150 0.9881
9.7 420000 6750 1.6071
Total 4E+06 44450
MDCJ65-2UNCOATED
Biological Barrier, LRV
Vacuum Challenge Result
7.3 680000 4500 0.6618
7.3 680000 5250 0.7721
7.3 680000 3850 0.5662
7.3 680000 4650 0.6838
7.3 680000 6350 0.9338
Total 3E+06 24600
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1 WIGM-1 UNCOATED
Biological Barrier, LRV
Vacuum Challenge Result
7.6 490000 6100 1.2449
7.6 490000 6550 1.3367
7.6 490000 9950 2.0306
7.6 490000 9150 1.8673
7.6 490000 7450 1.5204
7.4 460000 6950 1.5109
7.4 460000 5450 1.1848
7.4 460000 5650 1.2283
7.4 460000 4150 0.9022
7.4 460000 5600 1.2174
Total 5E+06 67000
LRV 1.8506
WIGM-2UNC0ATED
Biological Barrier, LRV
Vacuum Challenge Result
7.6 350000 4950 1.4143
7.6 350000 3500 1
7.6 350000 3000 0.8571
7.6 350000 3550 1.0143
7.6 350000 2650 0.7571
Total 2E+06 17650
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TOP5MR-1 UNCOATED
Biological Barrier, LRV
Vacuum Challenge Result
12.3 450000 54 0.012
12.3 450000 85 0.0189
12.3 450000 79 0.0176
14.6 450000 41 0.0091
14.6 450000 84 0.0187
14.6 570000 72 0.0126
14.6 570000 64 0.0112
13.5 570000 89 0.0156
13.5 570000 143 0.0251
13.5 570000 85 0.0149
Total 5E+06 796
TOP5MR-2UNCOATED
Biological Barrier, LRV
Vacuum Challenge Result
13.5 710000 134 0.0189
13.5 710000 159 0.0224
15.1 710000 58 0.0082
15.1 710000 64 0.009
13.6 710000 65 0.0092
13.6 660000 96 0.0145
Total 4E+06 576
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SP412.5MR-' UNCOATED
Biological Barrier, LRV
Vacuum Challenge Result
7 830000 100 0.012
7 830000 320 0.0386
7 830000 350 0.0422
7 830000 300 0.0361
7 830000 145 0.0175
6.9 670000 170 0.0254
6.9 670000 390 0.0582
6.9 670000 170 0.0254
6.9 670000 205 0.0306
6.9 670000 375 0.056
Total 8E+06 2525
SP412.5MR-2UNCOATED
Biological Barrier, LRV
Vacuum Challenge Result
7.2 350000 375 0.1071
7.2 350000 370 0.1057
7.2 350000 485 0.1386
7.2 350000 370 0.1057
7.2 350000 445 0.1271
Total 2E+06 2045
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TOK2.5MR-1 UNCOATED
Biological Barrier, LRV
Vacuum Challenge Result
8.6 550000 4250 0.7727
8.6 550000 4350 0.7909
8.6 550000 20250 3.6818
8.6 550000 4100 0.7455
8.6 550000 4000 0.7273
6.9 550000 4200 0.7636
6.9 550000 2900 0.5273
6.9 550000 6900 1.2545
6.9 550000 5500 1
6.9 550000 3750 0.6818
Total 6E+06 60200
'
j TOK2.5MR-2UNCOATED .:: ,::
''
.
Biological Barrier, LRV
Vacuum Challenge Result
7.2 640000 4200 0.6563
7.2 640000 2900 0.4531
7.2 640000 6900 1.0781
7.2 640000 5500 0.8594
7.2 640000 3750 0.5859
Total 3000000 23250
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44#MD60KG
UNCOATED
Biological Barrier, LRV
Vacuum Challenge Result
11.1 970000 540 0.0557
11.1 970000 460 0.0474
11.1 970000 920 0.0948
11.1 970000 725 0.0747
11.1 970000 1090 0.1124
10.3 1E+06 50 0.0045
10.3 1E+06 150 0.0136
10.3 1E+06 150 0.0136
10.3 1E+06 0 0
10.3 1E+06 50 0.0045
Total 1E+07 4135
j PMCOPS55COATED
Biological Barrier, LRV
Vacuum Challenge Result
10.2 760000 210 0.0276
10.2 760000 115 0.0151
10.2 760000 210 0.0276
10.2 760000 115 0.0151
10.2 760000 270 0.0355
10.1 590000 155 0.0263
10.1 590000 290 0.0492
10.1 590000 150 0.0254
10.1 590000 455 0.0771
10.1 590000 160 0.0271
Total 7E+06 2130
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KBETOUN-
COATED
Biological Barrier, LRV
Vacuum Challenge Result
11.5 890000 1050 0.118
11.5 890000 1300 0.1461
11.5 890000 750 0.0843
11.5 890000 650 0.073
11.5 890000 1300 0.1461
11.2 570000 3850 0.6754
11.2 570000 10900 1.9123
11.2 570000 1700 0.2982
11.2 570000 4000 0.7018
11.2 570000 4700 0.8246
Total 7E+06 30200 '' :: '::"--:':
44#MD
UNCOATED
Biological Barrier, LRV
Vacuum Challenge Result
11.2 490000 9 0.0018
11.2 490000 10 0.002
11.2 490000 9 0.0018
11.2 490000 8 0.0016
11.2 490000 22 0.0045
10.9 590000 13 0.0022
10.9 590000 9 0.0015
10.9 590000 14 0.0024
10.9 590000 23 0.0039
10.9 590000 14 0.0024
Total 5E+06 131
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PS55(1028)COATED
Biological Barrier, LRV
Vacuum Challenge Result
7.3 430000 257 0.0598
7.3 430000 270 0.0628
7.3 430000 274 0.0637
7.3 430000 204 0.0474
7.3 430000 285 0.0663
7.1 700000 143 0.0204
7.1 700000 128 0.0183
7.1 700000 113 0.0161
7.1 700000 106 0.0151
7.1 700000 103 0.0147
Total 6E+06 1883
KBUNCOATED
! 1026
Biological Barrier, LRV
Vacuum Challenge Result
10.5 390000 300 0.0769
10.5 390000 370 0.0949
10.5 390000 295 0.0756
10.5 390000 375 0.0962
10.5 390000 320 0.0821
10.4 390000 335 0.0859
10.4 390000 890 0.2282
10.4 390000 285 0.0731
10.4 390000 470 0.1205
10.4 390000 375 0.0962
Total 4E+06 4015
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44#unCOATED
1023
Biological Barrier, LRV
Vacuum Challenge Result
11.2 390000 65 0.0167
11.2 390000 72 0.0185
11.2 390000 51 0.0131
11.2 390000 87 0.0223
11.2 390000 59 0.0151
11 470000 12 0.0026
11 470000 18 0.0038
11 470000 7 0.0015
11 470000 30 0.0064
11 470000 27 0.0057
Total 4E+06 428
PS551019
COATED
Biological Barrier, LRV
Vacuum Challenge Result
7.6 640000 80 0.0125
7.6 640000 73 0.0114
7.6 640000 67 0.0105
7.6 640000 62 0.0097
7.6 640000 113 0.0177
7.8 740000 55 0.0074
7.8 740000 78 0.0105
7.8 740000 65 0.0088
7.8 740000 94 0.0127
7.8 740000 119 0.0161
Total 7E+06 806
77
KBUNCOATED
1044
Biological Barrier, LRV
Vacuum Challenge Result
9.4 480000 550 0.1146
9.4 480000 1200 0.25
9.4 480000 150 0.0313
9.4 480000 1500 0.3125
9.4 480000 1100 0.2292
12.3 340000 2400 0.7059
12.3 340000 300 0.0882
12.3 340000 150 0.0441
12.3 340000 200 0.0588
12.3 340000 500 0.1471
Total 4E+06 8050
PS551040
COATED
Biological Barrier, LRV
Vacuum Challenge Result
10.4 880000 42 0.0048
10.4 880000 54 0.0061
10.4 880000 77 0.0088
10.4 880000 97 0.011
10.4 880000 59 0.0067
10.1 690000 105 0.0152
10.1 690000 65 0.0094
10.1 690000 176 0.0255
10.1 690000 83 0.012
10.1 690000 79 0.0114
Total 8E+06 837
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44#MD
UNCOATED1002
Biological Barrier, LRV
Vacuum Challenge Result
9.1 460000 88 0.0191
L 9-1 460000 81 0.0176
9.1 460000 112 0.0243
9.1 460000 53 0.0115
9.1 460000 95 0.0207
9.8 690000 13 0.0019
9.8 690000 13 0.0019
9.8 690000 28 0.0041
9.8 690000 26 0.0038
9.8 690000 23 0.0033
Total 6E+06 532
| KB1001
Biological Barrier, LRV
Vacuum Challenge Result
9.4 370000 2300 0.6216
9.4 370000 400 0.1081
9.4 370000 500 0.1351
9.4 370000 50 0.0135
9.4 370000 200 0.0541
12.6 500000 2350 0.47
12.6 500000 3200 0.64
12.6 500000 3350 0.67
12.6 500000 3800 0.76
12.6 500000 4400 0.88
Total 4E+06 20550
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PMPS55COATED
1010
Biological Barrier, LRV
Vacuum Challenge Result
8.2 630000 143 0.0227
8.2 630000 160 0.0254
8.2 630000 78 0.0124
8.2 630000 218 0.0346
8.2 630000 270 0.0429
8.3 620000 57 0.0092
8.3 620000 136 0.0219
8.3 620000 105 0.0169
8.3 620000 65 0.0105
8.3 620000 61 0.0098
Total 6E+06 1293
44#MDCOATED
1009
Biological Barrier, LRV
Vacuum Challenge Result
10.4 850000 31 0.0036
10.4 850000 15 0.0018 !
10.4 850000 45 0.0053
10.4 850000 26 0.0031
10.4 850000 13 0.0015
10.2 710000 34 0.0048 |
10.2 710000 19 0.0027
10.2 710000 33 0.0046
10.2 710000 23 0.0032
10.2 710000 31 0.0044
Total 8E+06 270
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KB1008
Biological Barrier, LRV
Vacuum Challenge Result
9 630000 550 0.0873
9 630000 1550 0.246
9 630000 1800 0.2857
9 630000 1100 0.1746
9 630000 7450 1.1825
12 640000 1550 0.2422
12 640000 3200 0.5
12 640000 2500 0.3906
12 640000 2200 0.3438
12 640000 2650 0.4141
Total 6E+06 24550
Sample Set 9
KK72
%Penetration
0.5033333
Biological Barrier, LRV
vacuum Challenge Result
10.6 1500000 7550
10.6 1500000 4500 0.3000000
10.6 1500000 4600 0.3066667 ir
10.6 1500000 3450 0.2300000
10.6 1500000 4200 0.2800000
10.4 830000 1550 0.1867470 I
10.4 830000 1200 0.1445783 !
10.4 830000 2450 0.2951807 I
10.4 830000 1600 0.1927711
10.4 830000
1.2E+07
900
32000
0.1084337 |
0.254771084
Total
10.5
Sample Set Nine Statistical Summary
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Sample Set 9
Mean 0.254771 1
Standard Error 0.035187338
Median 0.255
Mode #N/A
Standard Deviation 0.111272
Sample Variance 0.012381487
Kurtosis 2.030691701
Skewness 1.071746454
Range 0.394899598
Minimum 0.108433735
Maximum 0.503333333
Sum 2.547710843
Count 10
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Appendix B
Data Summary Tables and for Tyvek ASTM F 1608-95 Tests
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Sample Set 1
RL00003
Biological Barrier, LRV
vacuum Challenge Result
7.4 490000 0 0.0E+00
7.4 490000 4 8.2E-04
7.4 490000 1 2.0E-04
7.4 490000 1 2.0E-04
7.4 490000 1 2.0E-04
7.4 360000 8 2.2E-03
7.4 360000 20 5.6E-03
7.4 360000 11 3.1E-02
7.4 360000 11 3.1E-02
7.4 360000 3 8.3E-03
Total 4250000 60
1 7.4 7.9E-03
RL00004 i
Biological Barrier, LRV
vacuum Challenge Result
7.3 600000 0 0.0E+00
7.3 600000 4 6.7E-04
7.3 600000 0 0.0E+00
7.3 600000 3 5.0E-04
7.3 600000 2 3.3E-04
7.5 470000 1 2.1E-04
7.5 470000 11 2.3E-03
7.5 470000 4 8.5E-04
7.5 470000 7 1.5E-03
7.5 470000 1 2.1E-04
Total 5350000 33
7.4 6.6E-04
84
Sample Set 1 continued
RL00005
Biological Barrier, LRV
vac Challenge Result
7.4 600000 0 0.0E+00
7.4
7.4 600000 0 0.0E+00
7.4 600000 7 1.2E-03
7.4 600000 4 6.7E-04
7.3 380000 2 5.3E-04
7.3 380000 0 0.0E+00
7.3 380000 0 0.0E+00
7.3 380000 0 0.0E+00
7.3 380000 24 6.3E-02
Total 4300000 37
7.35 7.3E-03
RL00006
Biological Barrier, LRV
vac Challenge Result
7.3 660000 0 0.0E+00
7.3 660000 2 3.0E-04
7.3 660000 3 4.5E-04
7.3 660000 2 3.0E-04
7.3 660000 3 4.5E-04
7.4 350000 0 0.0E+00
7.4 350000 18 5.1E-03
7.4 350000 8 2.3E-03
7.4 350000 34 9.7E-03
7.4 350000 0 0.0E+00
Total
7.35 4.69 1.9E-03
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Sample Set 1 continued
RL00007
Biological Barrier, LRV
vac Challenge Result
7.5 510000 2 3.9E-04
7.5 510000 0 0.0E+00
7.5 510000 9 1.8E-03
7.5 510000 14 2.7E-03
7.5 510000 3 5.9E-04
7.3 590000 1 1.7E-04
7.3 590000 17 2.9E-03
7.3 590000 6 1.0E-02
7.3 590000 4 6.8E-03
7.3 590000 1 1.7E-03
Total 5500000 57
7.4 2.7E-03
RL00008
Biological Barrier, LRV
vacuum Challenge Result
7.5 930000 1 1.1E-03
7.5 930000 6 6.5E-04
7.5 930000 2 2.2E-04
7.5 930000 0 0.0E+00
7.5 930000 0 0.0E+00
7.5 600000 0 0.0E+00
7.5 600000 23 3.8E-03
7.5 600000 10 1.7E-03
7.5 600000 0 0.0E+00
7.5 600000 11 1.8E-03
Total 7650000 53
7.5 9.3E-04
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Sample Set 1 continued
RL00009
Biological Barrier, LRV
vac Challenge Result
10.8 470000 1 2.1E-04
10.8 470000 5 1.1E-03
10.8 470000 0 0.0E+00
10.8 470000 15 3.2E-03
10.8 470000 5 1.1E-03
10.6 340000 1 2.9E-04
10.6 340000 9 2.6E-03
10.6 340000 0 0.0E+00
10.6 340000 1 2.9E-03
10.6 340000 0 0.0E+00
Total 4050000 37
10.7 1.1E-03
RL00010 :
'
"w 'vr
Biological Barrier, LRV
: :;;i vacuum Challenge Result
* ' 10.3 320000 2 6.3E-03
10.3 320000 L 0.0E+00
10.3 320000 , 1 3.1E-04
10.3 320000 0 0.0E+00
ifiSBHsHl 10.3 320000 0 0.0E+00
10.4 330000 3 9.1E-04
10.4 330000 0 0.0E+00
10.4 330000 0 0.0E+00
10.4 330000 5 1.5E-03
10.4 330000 1 3.0E-04
Total 3250000 12
I 10.35 9.3E-04
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Sample Set 1 continued
RL00011
Biological Barrier, LRV
vacuum Challenge Result
8.3 580000 6 1.0E-03
8.3 580000 3 5.2E-04
8.3 580000 19 3.3E-03
8.3 580000 6 1.0E-03
8.3 580000 13 2.2E-03
7.8 930000 3 3.2E-04
7.8 930000 78 8.4E-03
7.8 930000 18 1.9E-02
7.8 930000 66 7.1E-02
7.8 930000 26 2.8E-02
Total 7550000 238
8.05 1.4E-02
RL00012
Biological Barrier, LRV
vacuum Challenge Result
7.8 1200000 1 8.3E-04
7.8 1200000 9 7.5E-04
7.8 1200000 48 4.0E-03
7.8 1200000 5 4.2E-04
7.8 1200000 12 1.0E-03
8.2 690000 1 1.4E-04
8.2 690000 1 1.4E-04
8.2 690000 4 5.8E-04
8.2 690000 1 1.4E-04
8.2 690000 1 1.4E-04
Total 9450000 83
8 8.2E-04
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Sample Set 1 continued
RL00013
Biological Barrier, LRV
vacuum Challenge Result
7.8 430000 7 1.6E-03
7.8 430000 0 0.0E+00
7.8 430000 18 4.2E-03
7.8 430000 3 7.0E-04
7.8 430000 2 4.7E-04
7.9 530000 2 3.8E-04
7.9 530000 6 1.1E-03
7.9 530000 2 3.8E-03
7.9 530000 12 2.3E-02
7.9 530000 0 0.0E+00
Total 4800000 52
7.85 3.5E-03
RL00014
Biological Barrier, LRV
vacuum Challenge Result
7.8 630000 0 0.0E+00
7.8 630000 3 4.8E-04
7.8 630000 0 0.0E+00
7.8 630000 0 0.0E+00
7.8 630000 0 0.0E+00
7.8 840000 1 1.2E-04
7.8 840000 1 1.2E-04
7.8 840000 0 0.0E+00
7.8 840000 2 2.4E-04
7.8 840000 0 0.0E+00
Total 7350000 7
7.8 9.5E-05
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Sample Set One Statistical Summary Table
Sample ,Set 1 |
Mean 0.0010871
Standard Error 0.00015912
Median 0.000377358
Mode 0
Standard Deviation 0.001736
Sample Variance 3.01299E-06
Kurtosis 8.218455614
Skewness 2.676549779
Range 0.009714286
Minimum 0
Maximum 0.009714286
Sum 0.129359703
Count 119
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Sample Set 2
RL00103
Biological Barrier,
LRV
vacuum Challenge Result
7.4 530000 2 0.000377
7.4 530000 17 0.003208
7.4 COATING DAMAGE
7.4 530000 1 0.000189
7.4 530000 5 0.000942
6.9 1000000 1 0.0001
6.9 1000000 3 0.0003
6.9 1000000 1 0.0001
6.9 1000000 1 0.0001
6.9 1000000 5 0.000E
Total 7120000 36
7.15 0.000646
RL00104
Biological Barrier,
LRV
vacuum Challenge Result
6.5 430000 1 0.000233
6.5 430000 1 0.000233
6.5 430000 1 0.000233
6.5 430000 1 0.000233
6.5 430000 1 0.000233
6.5 440000 1 0.000227
6.5 440000 1 0.000227
6.5 440000 1 0.000227
6.5 440000 1 0.000227
6.5 COATING DAMAGE
Total 3910000 9
6.5 0.00023
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Sample Set 2 Continued
RL00105
Biological Barrier, LRV
vacuum Challenge Result
8.2 330000 1 0.000303
8.2 330000 5 0.001515
8.2 330000 3 0.000909
8.2 330000 1 0.000303
8.2 330000 1 0.000303
9.7 740000 6 0.000811
9.7 740000 2 0.00027
9.7 740000 1 0.000135
9.7 740000 1 0.000135
9.7 740000 1 0.000135
Total 5350000 22
8.95 0.000482
RL00106 I
Biological Barrier,
LRV
Wf vacuum Challenge Result
8.3 740000 0.000135
8.3 740000 0.000135
8.3 740000 0.000135
8.3 740000 0.000135
8.3 740000 0.000135
8 390000 0.000256
8 390000 0.000256
8 390000 0.000256
8 390000 0.000256
8 390000 13 0.003333
Total 5650000 22
8.15 0.000503
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Sample Set 2 Continued
RL00107
Biological Barrier, LRV
vacuum Challenge Result
9.2 760000 3 0.000395
9.2 760000 15 0.001974
9.2 760000 1 0.000132
9.2 760000 1 0.000132
9.2 760000 19 0.0025
9.4 860000 1 0.000116
9.4 860000 1 0.000116
9.4 860000 1 0.000116
9.4 860000 1 0.000116
9.4 860000 1 0.000116
Total 8100000 44
9.3 0.000571
RL00108
Biological Barrier, LRV
vacuum Challenge Result
9.3 400000 0.00025
9.3 400000 0.00025
9.3 400000 0.00025
9.3 400000 0.00025
9.3 400000 0.00025
9.5 COATING DAMAGE
9.5 1100000 9.09E-05
9.5 1100000 9.09E-05
9.5 1100000 9.09E-05
9.5 1100000 9.09E-05
Total 6400000 9
.; 9.4 0.000179
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Sample Set 2 Continued
RL00109 |
Biological Barrier, LRV
vacuum Challenge Result
8 1000000 3 0.0003
8 1000000 2 0.0002
8 1000000 1 0.0001
8 1000000 1 0.0001
8 1000000 9 0.0009
8 1000000 1 0.0001
8 1000000 2 0.0002
8 1000000 6 0.0006
8 1000000 1 0.0001
u
8 1000000 14 0.0014
Total 10000000 40
8.05
^^^
0.0004
RL00110
Biological Barrier, LRV
vacuum Challenge Result
8.4 470000 0.000213
8.4 470000 0.000213
8.4 470000 0.000213
8.4 470000 0.000213
8.4 470000 0.000213
8.5 1100000 5 0.000455
8.5 1100000 2 0.000182
8.5 1100000 7 0.000636
8.5 1100000 1 9.09E-05
8.5 1100000 1 9.09E-05
Total 7850000 21
8.45 0.000252
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Sample Set 2 Continued
RL00111
Biological Barrier, LRV
vacuum Challenge Result
8.5 540000 1 0.000185
8.5 540000 1 0.000185
8.5 540000 38 0.007037
8.5 540000 2 0.00037
8.5 540000 1 0.000185
8.2 630000 1 0.000159
8.2 630000 3 0.000476
8.2 630000 3 0.000476
8.2 630000 15 0.002381
8.2 630000 2 0.000317
Total 5850000 67
8.35 " :' ' 0.001177
RL00112
Biological Barrier, LRV
vacuum Challenge Result
8 690000 4 0.00058
8 690000 0.000145
8 690000 0.000145
8 690000 0.000145
8 690000 0.000145
8 5 1000000 0.0001
8 5 1000000 4 0.0004
8 5 1000000 0.0001
8 5 1000000 0.0001
8 5 1000000 0.0001
Total 8450000 16
8.3 0.000196
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Sample Set 2 Continued
RL00113
"' """""""""
Biological Barrier, LRV
vacuum Challenge Result
8.1 1100000 1 9.09E-05
8.1 1100000 0 0
8.1 1100000 8 0.000727
8.1 1100000 1 9.09E-05
8.1 1100000 0 0
8.2 1100000 0 0
8.2 1100000 0 0
8.2 1100000 0 0
8.2 1100000 0 0
8.2 1100000 0 0
Total 11000000 10
i 8.15 9.09E-05
RL00114
Biological Barrier, LRV
vacuum Challenge Result
7.9 1100000 0 0
7.9 1100000 6 0.000545
7.9 1100000 2 0.000182
7.9 1100000 0 0
7.9 1100000 2 0.000182
8.2 1100000 1 9.09E-05
8.2 1100000 2 0.000182
8.2 1100000 0 0
8.2 1100000 1 9.09E-05
8.2 1100000 0 0
Total 11000000 14
8.05 0.000127
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Sample Set 2 Continued
RL00115
Biological Barrier, LRV
vacuum Challenge Result
7.2 420000 5 0.00119
7.2 420000 6 0.001429
7.2 420000 0 0
7.2 420000 2 0.000476
7.2 420000 0 0
7.2 470000L o 0
7.2 470000 3 0.000638
7.2 470000 1 0.000213
7.2 470000 1 0.000213
7.2 470000 28 0.005957
Total 4450000 46
7.2 0.001012
RL00116 I
Biological Barrier, LRV
vacuum Challenge Result
7.1 350000 0 0
7.1 350000 0 0
7.1 350000 1 0.000286
7.1 350000 0 0
7.1 350000 0 0
7.1 440000 0 0
7.1 440000 0 0
7.1 440000 1 0.000227
7.1 440000 0 0
7.1 440000 1 0.000227
Total 3950000 3
7.1 7.4E-05
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Sample Set Two Statistical Summary Table
Sample Set 2
Mean 0.0003385
Standard Error 4.731 93E-05
Median 0.000185185
Mode 0
Standard Deviation 0.000548
Sample Variance 3.00041 E-07
Kurtosis 14.45070212
Skewness 3.610287067
Range 0.003333333
Minimum 0
Maximum 0.003333333
Sum 0.045364334
Count 134
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Sample Set 3
RL00020
Biological Barrier, LRV
vacuum Challenge Result
7.4 610000 8 0.001311
7.4 610000 0 0
7.4 610000 0 0
7.4 610000 14 0.002295
7.4 NT NT
7.4 450000 0L
7.4 450000 0 0
7.4 450000 0 0
7.4 450000 0 0
7.4 450000 0 0
Total 4690000 22
! 7.4 0.000401
RL00021
jHH&Hj BH Biological Barrier, LRV
vacuum Challenge Result
10.1 500000 1 0.0002
10.1 500000 0 0
10.1 500000 0 0
10.1 500000 1 0.0002
10.1 500000 0 0
10.3 700000 0 0
10.3 700000 0 0
10.3 700000 0 0
10.3 700000 0 0
10.3 700000 3 0.000429
Total 6000000 5
10.2 8.29E-05
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Sample Set 3 Continued
RL00022
Biological Barrier, LRV
vacuum Challenge Result
10.4 360000 1 0.000278
10.4 360000 1 0.000278
10.4 360000 0 0
10.4 360000 0 0
10.4 360000 0 0
10.2 320000 0 0
10.2 320000 0 0
10.2 320000 0 0
10.2 320000 0 0
10.2 320000 0 0
Total 3400000 2
10.3 5.56E-05
RL00023
Biological Barrier, LRV
vacuum Challenge Result
8.0 930000 0 0
8.0 930000 0 0
8.0 930000 0 0
8.0 930000 0 0
8.0 930000 0 0
8.0 720000 2 0.000278
8.0 720000 0 0
8.0 720000 0 0
8.0 720000 1 0.000139
8.0 720000 0 0
Total 8250000 3
8 4.17E-05
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Sample Set 3 Continued
RL00024
Biological Barrier, LRV
vacuum Challenge Result
7.8 610000 0 0
7.8 610000 0 0
7.8 610000 71 0.011639
7.8 610000 0 0
7.8 610000 5 0.00082
7.8 520000 0 0
7.8 520000 1 0.000192
7.8 520000 2 0.000385
7.8 520000 0 0
7.8 520000 0 0
Total 5650000 79
7.8 0.001304
RL00025
Biological Barrier, LRV
vacuum Challenge Result
9.4 620000 0 0
9.4 620000 0 0
9.4 620000 1 0.000161
9.4 620000 8 0.00129
9.4 620000 1 0.000161
9.3 420000 0 o
9.3 420000 0 0
9.3 420000 2 0.000476
9.3 420000 5 0.00119 |
9.3 420000 0 0
Total 5200000 17
9.35 0.000328 |
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Sample Set 3 Continued
RL00028
Biological Barrier, LRV
vacuum Challenge Result
7.3 440000 0 0
7.3 440000 1 0.000227
7.3 440000 0 0
7.3 440000 0 0
7.3 440000 0 0
7.4 510000 0 0
7.4 510000 0 0
7.4 510000 0 0
7.4 510000 0 0
7.4 510000 0 0
Total 4750000 1
7.35 2.27E-05
RL00029
Biological Barrier, LRV
vacuum Challenge Result
7.4 660000 1 0.000152
7.4 660000 40 0.006061
7.4 660000 4 0.000606
7.4 660000 0 0
7.4 660000 0 0
7.4 690000 0 0
7.4 690000 0 0
7.4 690000 0 0
7.4 690000 2 0.00029
7.4 690000 0 0
Total 6750000 47
7.4 0.000711
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Sample Set 3 Continued
RL00030
Biological Barrier, LRV
vacuum Challenge Result
10.8 990000 0 0
10.8 990000 0 0
10.8 990000 1 0.000101
10.8 990000 0 0
10.8 990000 1 0.000101
10.4 2100000 0 0
10.4 2100000 1 4.76E-05
10.4 340000 0 0
10.4 340000 0 0
10.4 340000 0 0
Total 10170000 3
10.6 2.5E-05
RL00031
Biological Barrier, LRV
vacuum Challenge Result
7.8 450000 0 0
7.8 450000 0 0
7.8 450000 0 0
7.8 450000 0 0
7.8 450000 0 0
7.7 530000 0 0
7.7 530000 0 0
7.7 530000 0 0
7.7 530000 0 0
7.7 530000 0 0
Total 4900000 0
7.75 0
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Sample Set 3 Continued
RL00032
Biological Barrier, LRV
vacuum Challenge Result
8 550000 0 0
8 550000 0 0
8 550000 0 0
8 550000 0 0
8 550000 0 0
8.1 550000 0 0
8.1 550000 4 0.000727
8.1 550000 0 0
8.1 550000 0 0
8.1 550000 0 0
Total 5500000 4
8.05 7.27E-05
RL00033
Biological Barrier, LRV
vacuum Challenge Result
9.2 600000 0 0
9.2 600000 0 0
9.2 600000 0 0
9.2 600000 0 0
9.2 600000 0 0
9.2 670000 1 0.000149
9.2 670000 0 0
9.2 670000 0 0
9.2 670000 0 0
9.2 670000 0 0
Total 6350000 1
9.2 1.49E-05
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Sample Set Three Statistical Summary Table
Sample Set 3
Mean 0.0002558
Standard Error 0.000113325
Median 0
Mode 0
Standard Deviation 0.001231
Sample Variance 1.51 541 E-06
Kurtosis 67.23805968
Skewness 7.835069648
Range 0.011639344
Minimum 0
Maximum 0.011639344
Sum 0.030184336
Count 118
105
Sample Set 4
RL00169
Biological Barrier, LRV
vacuum Challenge Result
9.7 770000 13 0.001688
_
9.7 770000 3 0.00039
9.7 770000 21 0.002727
9.7 770000 2 0.00026
9.7 770000 10 0.001299
6.9 750000 73 0.009733
6.9 750000 22 0.002933
6.9 750000 9 0.0012
6.9 750000 9 0.0012
6.9 750000 43 0.005733
Total 7600000 205
8.3 0.002716
RL00170
Biological Barrier, LRV
vacuum Challenge Result
10 830000
10 830000 0
10 830000 0.00012
10 830000 0.000241
10 830000 0.00012
9.9 930000 0.000323
9.9 930000 0.000108
9.9 930000 0.000215
9.9 930000 0
9.9 930000 0.000215
Total 8800000 12
9.95 0.000134
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Sample Set 4 Continued
RL00171
Biological Barrier, LRV
vacuum Challenge Result
7.2 690000 63 0.00913
7.2 690000 4 0.00058
7.2 690000 2 0.00029
7.2 690000 8 0.001159
7.2 690000 21 0.003043
7.2 710000 10 0.001408
7.2 710000 27 0.003803
7.2 710000 7 0.000986
7.2 710000 0 0
7.2 710000 12 0.00169
Total 7000000 154
7.2 0.002209
RL00172
Biological Barrier, LRV
vacuum Challenge Result
9.9 830000 5 0.000602
9.9 830000 2 0.000241
9.9 830000 1 0.00012
9.9 830000 0 0
9.9 830000 2 0.000241
10 930000 0 0
10 930000 5 0.000538
10 930000 0 0
10 930000 3 0.000323
10 930000 1 0.000108
Total 8800000 19
9.95 0.000217
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Sample Set 4 Continued
RL00173
Biological Barrier,
LRV
vacuum Challenge Result
9.9 990000 47 0.004747
9.9 990000 1 0.000101
9.9 990000 9 0.000909
9.9 990000 30 0.00303
9.9 990000 49 0.004949
9.8 860000 87 0.010116
9.8 860000 18 0.002093
9.8 860000 4 0.000465
9.8 860000 4 0.000465
9.8 860000 24 0.002791
Total 9250000 273
9.85 0.002967
RL00174
Biological Barrier,
LRV
vacuum Challenge Result
7.2 440000 1 0.000227
7.2 440000 0 0
7.2 440000 2 0.000455
7.2 440000 4 0.000909
7.2 440000 0 0
7.1 450000 0 0
7.1 450000 3 0.000667
7.1 450000 0 0
7.1 450000 1 0.000222
7.1 450000 0 0
Total 4450000 11 I
7.15 0.000248
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Sample Set 4 Continued
RL00175
Biological Barrier,
LRV
vacuum Challenge Result
9.8 400000 4 0.001
9.8 400000 13 0.00325
9.8 400000 1 0.00025
9.8 400000 0 0
9.8 400000 0 0
9.8 480000 0 0
9.8 480000 6 0.00125
9.8 480000 0 0
9.8 480000 7 0.001458
9.8 480000 3 0.000625
Total 4400000 34
9.8 0.000783
RL00176
Biological Barrier,
LRV
vacuum Challenge Result
10 330000 0 0
10 330000 0 0
10 330000 0 0
10 330000 0 0
10 330000 1 0.000303
9.8 380000 0 0
9.8 380000 9 0.002368
9.8 380000 7 0.001842
9.8 380000 0 0
9.8 380000 1 0.000263
Total 3550000 18
9.9 0.000478
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Sample Set 4 Continued
RL00177 *. :; ,.
Biological Barrier, LRV
vacuum Challenge Result
9.4 550000 4 0.000727
9.4 550000 12 0.002182
9.4 550000 1 0.000182
9.4 550000 2 0.000364
9.4 550000 2 0.000364
9.3 560000 16 0.002857
9.3 560000 6 0.001071
9.3 560000 3 0.000536
9.3 560000 10 0.001786
9.3 560000 2 0.000357
Total 5550000 58
9.35 0.001043
RL00178
Biological Barrier, LRV
vacuum Challenge Result
10.1 700000 0 0
10.1 700000 0 0
10.1 700000 2 0.000286
10.1 700000 2 0.000286
10.1 700000 6 0.000857
10.7 L_ 390000 2 0.000513
10.7 390000 0 0
10.7 390000 2 0.000513
10.7 390000 2 0.000513
10.7 390000 3 0.000769
Total 5450000 19
LRV 5.457643
10.4
1
0.000415
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Sample Set 4 Continued
RL00179
Biological Barrier, LRV
vacuum Challenge Result
10.7 420000 0 0
10.7 420000 7 0.001667
10.7 420000 24 0.005714
10.7 420000 25 0.005952
10.7 420000 12 0.002857
10.3 440000 3 0.000682
10.3 440000 1 0.000227
10.3 440000 0 0
10.3 440000 15 0.003409
10.3 440000 35 0.007955
Total 4300000 122 r>.
10.5 0.002846
RL00180
Biological Barrier, LRV
vacuum Challenge Result
10.3 520000 0 0
10.3 520000 1 0.000192
10.3 520000 1 0.000192
10.3 520000 1 0.000192
10.3 520000 0 0
10.4 460000 1 0.000217
10.4 460000 2 0.000435
10.4 460000 1 0.000217
10.4 460000 10 0.002174
10.4 460000 1 0.000217
Total 4900000 18
10.35 0.000384
Ill
Sample Set 4 Continued
RL00181 <:; ,
Biological Barrier, LRV
vacuum Challenge Result
10 810000 16 0.001975
10 810000 9 0.001111
10 810000 4 0.000494
10 810000 23 0.00284
10 810000 4 0.000494
10.3 1300000 5 0.000385
10.3 1300000 61 0.004692
10.3 1300000 31 0.002385
10.3 1300000 66 0.005077
10.3 1300000 22 0.001692
Total 10550000 241
' 10.15 0.002114
RL00182
Biological Barrier, LRV
vacuum Challenge Result
10 850000 8 0.000941
10 850000 3 0.000353
10 850000 1 0.000118
10 850000 0 0
10 850000 1 0.000118
10.2 1100000] 0 0
10.2 1100000 0 0
10.2 1100000 2 0.000182
10.2 1100000 0 0
10.2 1100000 0 0
Total 9750000 15
10.1 0.000171
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Sample Set Four Statistical Summary Table
Sample Set 4
Mean 0.0011917
Standard Error
Median
Mode
0.000163214
0.000363636
0
Standard Deviation 0.001931
Sample Variance
Kurtosis
Skewness
Range
3.72942E-06
7.78650433
2.658957874
0.010116279
0
0.010116279
0.166844179
140
Maximum
Sum
Count
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Sample Set 5
RL00051
Biological Barrier, LRV
Vacuum Challenge Result
9.2 640000 0 0
9.2 640000 0 0
9.2 640000 0 0
9.2 640000 0 0
9.2 640000 0 0
9.1 560000 0 0
9.1 560000 0 0
9.1 560000 0 0
9.1 560000 0 0
9.1 560000 0 0
Total 6000000 0
9.15 0
RL00052
Biological Barrier, LRV
Vacuum Challenge Result
9.3 700000 1 0.000143
9.3 700000 2 0.000286
9.3 700000 0 0
9.3 700000 8 0.001143
9.3 700000 2 L 0.000286
9.1 770000 7 0.000909
9.1 770000 2 0.00026
9.1 770000 4 0.000519
9.1 770000 1 0.00013
9.1 770000 2 0.00026
Total 7350000 29
9.2 0.000394
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Sample Set 5 Continued
RL00053
Biological Barrier, LRV
Vacuum Challenge Result
9 920000 0 0
9 920000 0 0
9 920000 0 0
9 920000 0 0
9 920000 0 0
9.5 610000 0 0
9.5 610000 0 0
9.5 610000 2 0.000328
9.5 610000 0 0
9.5 610000 0 0
Total 7650000 2
9.25 328E-05
RL00054
Biological Barrier, LRV
Vacuum Challenge Result
9.1 590000 0.000339
9.1 590000 0.000678
9.1 590000 0.000169
9.1 590000
9.1 590000 0.001356
9.1 670000 0
9.1 670000 0.000746
9.1
9.1
670000
670000
0.001045
0
9.1
Total
9.1
670000
6300000 27
0.000433
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Sample Set 5 Continued
RL00055
Biological Barrier, LRV
Vacuum Challenge Result
9.6 1100000 0 0
9.6 1100000 1 9.09E-05
9.6 1100000 0 0
9.6 1100000 0 0
9.6 COATING DAMAGE
9.2 1000000 0 0
9.2 1000000 0 0
9.2 1000000 1 0.0001
9.2 1000000 1 0.0001
9.2 1000000 0 0
Total 9400000 3
9.4 3.23E-05
RL00056 ;
Biological Barrier, LRV
Vacuum Challenge Result
9.3 1100000 0 0
9.3 1100000 1 9.09E-05
9.3 1100000 3 0.000273
9.3 1100000 16 0.001455
9.3 1100000 17 0.001545
9.2 1300000 0 0
9.2 1300000 1 7.69E-05
9.2 1300000 1 7.69E-05
9.2 1300000 0 0
9.2 1300000 3 0.000231
Total 12000000 42
9.25 0.000375
116
Sample Set 5 Continued
RL00057
Biological Barrier, LRV
Vacuum Challenge Result
9.7 1400000 0 0
9.7 1400000 0 0
9.7 1400000 0 0
9.7 1400000 1 7.14E-05
9.7 1400000 0 0
9.7 1300000 0 0
9.7 1300000 0 0
9.7 1300000 0 0
9.7 1300000 0 0
9.7 1300000 1 7.69E-05
Total 13500000 2
9.7 1.48E-05
RL00058
Biological Barrier, LRV
Vacuum Challenge Result
9.3 1900000 1 5.26E-05
9.3 1900000 2 0.000105
9.3 1900000 0 0
9.3 1900000 2 0.000105
9.3 1900000 0 0
9.1 1300000 0 0
9.1 1300000 1 7.69E-05
9.1 1300000 0 0
9.1 1300000 2 0.000154
9.1 1300000 5 0.000385
Total 16000000 13
9.2 8.79E-05
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Sample Set 5 Continued
RL00059
Biological Barrier, LRV
Vacuum Challenge Result
9.3 1500000 2 0.000133
9.3 1500000 0 0
9.3 1500000 0 0
9.3 1500000 2 0.000133
9.3 1500000 0 0
9.2 2200000 0 0
9.2 2200000 2 9.09E-05
9.2 2200000 1 4.55E-05
9.2 2200000 1 4.55E-05
9.2 2200000 0 0
Total 18500000 8
9.25 4.48E-05
RL00060
Biological Barrier, LRV
Vacuum Challenge Result
9.7 1200000 7 0.000583
9.7 1200000 12 0.001
9.7 1200000 0 0
9.7 1200000 0 0
9.7 1200000 3 0.00025
9.3 1900000 0 0
9.3 1900000 0 0
9.3 1900000 0 0
9.3 1900000 2 0.000105
9.3 1900000 3 0.000158
Total 15500000 27
9.5 0.00021
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Sample Set 5 Continued
RL00061
Biological Barrier, LRV
Vacuum Challenge Result
9.1 2100000 1 4.76E-05
9.1 2100000 1 4.76E-05
9.1 2100000 0 0
9.1 2100000 0 0
9.1 2100000 0 0
9.3 SCRATCH ON COATING
9.3 2100000 0 0
9.3 2100000 0 0
9.3 2100000 0 0
9.3 2100000 0 0
Total 18900000 2
9.2 1.06E-05
RL00062 I
Biological Barrier, LRV
Vacuum Challenge Result
8.4 1700000 4 0.000235
8.4 1700000 23 0.001353
8.4 1700000 1 5.88E-05
8.4 1700000 0 0
8.4 1700000 8 0.000471
8.2 1600000 2 0.000125
8.2 1600000 4 0.00025
8.2 1600000 0 0
8.2 1600000 2 0.000125
8.2 1600000 0 0
Total 16500000 44
8.3 0.000262
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Sample Set 5 Continued
RL00063
Biological Barrier, LRV
Vacuum Challenge Result
8.2 1600000 1 6.25E-05
8.2 1600000 0 0
8.2 1600000 0 0
8.2 1600000 0 0
8.2 1600000 1 6.25E-05
8.2 1100000 0 0
8.2 1100000 0 0
8.2 1100000 0 0
8.2 1100000 1 9.09E-05
8.2 1100000 2 0.000182
Total 13500000 5
8.2 3.98E-05
RL00064
Biological Barrier, LRV
Vacuum Challenge Result
8 1600000 3 0.000188
8 1600000 21 0.001313
8 1600000 1 6.25E-05
8 1600000 0 0
.
<(
::>:,.. 8 1600000 0 0
7.9 1600000 0 0
7.9 1600000 1 6.25E-05
7.9 1600000 0 0
7.9 1600000 1 6.25E-05
7.9 1600000 0 0
Total 16000000 27
7.95 0.000169
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Sample Set Five Statistical Summary Table
Sample Set 5
Mean 0.0001533
Standard Error 2.7531 8E-05
Median 0
Mode 0
Standard Deviation 0.000322
Sample Variance 1 .03846E-07
Kurtosis 7.858257034
Skewness 2.877466669
Range 0.001545455
Minimum 0
Maximum 0.001545455
Sum 0.021005495
Count 137
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Sample Set 6
RL00137
Biological Barrier, LRV
Vacuum Challenge Result
7.9 1400000 2 0.000143
7.9 1400000 14 0.001
7.9 1400000 2 0.000143
7.9 1400000 0 0
7.9 1400000 0 0
8.4 440000 0 0
8.4 440000 2 0.000455
8.4 440000 0 0
8.4 440000 1 0.000227
8.4 440000 2 0.000455
Total 9200000 23
8.15 0.000242
RL00138
Biological Barrier, LRV
Vacuum Challenge Result
8.2 530000 0 0
8.2 530000 0 0
8.2 530000 1 0.000189
8.2 530000 0 0
8.2 530000 7 0.001321
8.1 380000 0 0
8.1 380000 0 0
8.1 380000 1 0.000263
8.1 380000 1 0.000263
8.1 380000 1 0.000263
Total 4550000 11
8.15 0.00023
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Sample Set 6 Continued
RL00139
Biological Barrier, LRV
Vacuum Challenge Result
8 1 430000 0 0
8 1 430000 0 0
8 1 430000 1 0.000233
8 1 430000 0 0
8 1 430000 0 I 0
8 1 430000 0 0
8 1 430000 1 0.000233
8 1 430000 0 0
8 1 430000 1 0.000233
8 1 430000 0 0
Total 4300000 3
8.1 6.98E-05
RL00140
Biological Barrier, LRV
Vacuum Challenge Result
8.2 480000 1 0.000208
8.2 480000 0 0
8.2 480000 0 0
8.2 480000 4 0.000833
8.2 480000 0 0
8.4 560000 0 0
8.4 560000 0 0
8.4 560000 0 0
8.4 560000 0 0
8.4 560000 0 0
Total 5200000 5
8.3 0.000104
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Sample Set 6 Continued
RL00141
Biological Barrier, LRV
Vacuum Challenge Result
8.4 430000 1 0.000233
8.4 430000 0 0
8.4 430000 0 0
8.4 430000 0 0
8.4 430000 0 0
8.3 520000 0 0
8.3 520000 2 0.000385
8.3 520000 3 0.000577
8.3 520000 1 0.000192
8.3 520000 2 0.000385
Total 4750000 9
8.35 0.000177
RL00142
Biological Barrier, LRV
Vacuum Challenge Result
8.2 490000 0 0
8.2 490000 0 0
8.2 490000 0 0
8.2 490000 0 0
8.2 490000 0 0
10.5 620000 0 0
10.5 620000 0 0
10.5 620000 1 0.000161
10.5 620000 0 0
10.5 620000 0 0
Total 5550000 1
9.35 1.61 E-05
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Sample Set 6 Continued
RL00143
Biological Barrier, LRV
Vacuum Challenge Result
10.5 630000 0 0
10.5 630000 0 0
10.5 630000 0 0
10.5 630000 0 0
10.5 630000 1 0.000159
10.9 510000 0 0
10.9 510000 0 0
10.9 510000 0 0
10.9 510000 1 0.000196
10.9 510000 0 0
Total 5700000 2
10.7 3.55E-05
RL00144 |
Biological Barrier, LRV
Vacuum Challenge Result
10.4 550000 0 0
10.4 550000 0 0
10.4 550000 0 0
10.4 550000 0 0
10.4 550000 0 0
10.4 500000 0 0
10.4 500000 0 0
10.4 500000 0 0
10.4 500000 0 0
10.4 500000 0 0
Total 5250000 0
10.4 0
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Sample Set 6 Continued
RL00145
Biological Barrier, LRV
Vacuum Challenge Result
10.2 790000 0 0
10.2 790000 0 0
10.2 790000 2 0.000253
10.2 790000 1 0.000127
10.2 790000 1 0.000127
9.9 820000 2 0.000244
9.9 820000 2 0.000244
9.9 820000 0 0
9.9 820000 0 0
9.9 820000 0 0
Total 8050000 8
10.05 9.94E-05
RL00146
: :
Biological Barrier, LRV
Vacuum Challenge Result
9.8 640000 0 0
9.8 640000 0 0
9.8 640000 1 0.000156
9.8 640000 0 0
9.8 640000 0 0
9.9 630000 0 i 0
9.9 630000 0 0
9.9 630000 0 0
9.9 630000 0 0
9.9 630000 0 0
Total 6350000 1
9.85 1.56E-05
Sample Set 6 Continued
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RL00147
Biological Barrier, LRV
Vacuum Challenge Result
9.9 710000 1 0.000141
9.9 710000 0 0
9.9 710000 2 0.000282
9.9 710000 0 0
9.9 710000 0 0
9.7 790000 0 0
9.7 790000 1 0.000127
9.7 790000 1 0.000127
9.7 790000 1 0.000127
9.7 790000 0 0
Total 7500000 6
9.8 8.02E-05
RL00148
Biological Barrier, LRV
Vacuum Challenge Result
9.8 710000 0 0
9.8 710000 0 0
9.8 710000 1 0.000141
9.8 710000 1 0.000141
9.8 710000 0 0
9.8 750000 0 0
9.8 750000 0 0
9.8 750000 1 0.000133
9.8 750000 0 0
9.8 750000 0 0
Total 7300000 3
9.8 4.15E-05
Sample Set 6 Continued
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RL00149
Biological Barrier, LRV
Vacuum Challenge Result
6.6 390000 1 0.000256
6.6 390000 0 0
6.6 390000 1 0.000256
6.6 390000 1 0.000256
6.6 390000 1 0.000256
6.7 460000 0 0
6.7 460000 0 0
6.7 460000 1 0.000217
6.7 460000 3 0.000652
6.7 460000 0 0
Total 4250000 8
6.65 0.00019
RL00150
Biological Barrier, LRV
Vacuum Challenge Result
10.1 490000 0 0
10.1 490000 0 0
10.1 490000 0 0
10.1 490000 0 0
10.1 490000 0 0
9.9 520000 0 0
9.9 520000 0 0
9.9 520000 0 0
9.9 520000 0 0
9.9 520000 0 0
Total 5050000 0
10 0
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Sample Set Six Statistical Summary Table
Sample Set 6
Mean 0.0000936
Standard E
Median
Mode
irror 1.64092E-05
0
0
Standard Deviation 0.000193
Sample Va
Kurtosis
Skewness
Range
riance 3.74276E-08
15.62994323
3.473106518
0.001320755
0
0.001320755
0.013010341
139
Maximum
Sum
Count
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Sample Set Seven
RL00036
Biological Barrier, LRV
vacuum Challenge Result
21 8 400000 0 0
21 8 400000 0 0
21 8 400000 0 0
21 8 400000 2 0.0005
21 8 400000 3 0.00075
21 6 550000 7 0.001273
21 6 550000 0 0
21 6 550000 0 0
21 6 550000 1 0.000182
21 6 550000 1 0.000182
Total 4750000 14
21.7 0.000289
RL00037
Biological Barrier, LRV
Sample Challenge Result
1 #DIV/0!
#DIV/0!
TEST
FAILURE
#VALUE!
INSUFFICIENT
POROSITY
#VALUE!
#DIV/0!
6 #DIV/0!
7 #DIV/0!
8 #DIV/0!
9 #DIV/0!
10 #DIV/0!
Total
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Sample Set Seven Continued
RL00038
Biological Barrier, LRV
Sample Challenge Result
1 #DIV/0!
#DIV/0!
TEST
FAILURE
#VALUE!
INSUFFICIENT
POROSITY
#VALUE!
#DIV/0!
6 #DIV/0!
7 #DIV/0!
8 #DIV/0!
9 #DIV/0!
10 #DIV/0!
Total
RL00039
Biological Barrier, LRV
Sample Challenge Result
1 #DIV/0!
#DIV/0!
% TEST
FAILURE
#VALUE!
INSUFFICIENT
POROSITY
#VALUE!
#DIV/0!
6 #DIV/0!
7 #DIV/0!
8 #DIV/0!
9 #DIV/0!
10 #DIV/0!
Total
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Sample Set Seven Continued
RL00040
Biological Barrier, LRV
vacuum Challenge Result
22.9 520000 0 0
22.9 520000 2 0.000385
22.9 520000 33 0.006346
22.9 520000 1 0.000192
22.9 520000 10 0.001923
22.9 660000 2 0.000303
22.9 660000 0 0
22.9 660000 1 0.000152
22.9 660000 0 0
22.9 660000 15 0.002273
Total 5900000 64
22.9 0.001157
RL00041
Biological Barrier, LRV
vacuum Challenge Result
22.8 800000 0 0
22.8 800000 0 0
22.8 800000 2 0.00025
i 22.8 800000 1 0.000125
22.8 800000 1 0.000125
22.8 770000 3 0.00039
i 22.8 770000 0 0
22.8 770000 2 0.00026
22.8 770000 14 0.001818
22.8 770000 1 0.00013
Total 7850000 24
22.8 0.00031
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Sample Set Seven Continued
RL00044
Biological Barrier, LRV
vacuum Challenge Result
21.7 510000 0 0
21.7 510000 0 0
21.7 510000 0 0
21.7 510000 0 0
21.7 510000 0 0
20 480000 0 0
20 480000 0 0
20 480000 0 0
20 480000 0 0
20 480000 0 0
Total 4950000 0
20.85 0
RL00045
Biological Barrier, LRV
vacuum Challenge Result
17.5 550000 0 0
17.5 550000 0 0
17.5 550000 1 0.000182
17.5 550000 1 0.000182
17.5 550000 0 0
18.6 550000 0 0
18.6 550000 0 0
18.6 550000 0 0
18.6 550000 0 0
18.6 550000 0 0
Total 5500000 2
18.05 3.64E-05
Sample Set Seven Continued
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RL00046
Biological Barrier, LRV
vacuum Challenge Result
18.3 850000 2 0.000235
18.3 850000 0 0
18.3 850000 0 1 0
18.3 850000 18 0.002118
18.3 850000 0 0
18.3 950000 0 0
18.3 950000 0 0
18.3 950000 1 0.000105
18.3 950000 0 0
18.3 950000 0 0
Total 9000000 21
LRV 5.63
18.3 High 3
sigma
5.38 0.000246
RL00047
Biological Barrier, LRV
vacuum Challenge Result
18.4 820000 2 0.000244
18.4 820000 0 0
18.4 820000 1 0.000122
18.4 820000 2 0.000244
18.4 820000 0 0
18.3 1100000 1 9.09E-05
18.3 1100000 0 0
18.3 1100000 0 0
18.3 1100000 0 0
18.3 1100000 0 0
Total 9600000 6
18.35 7.01 E-05
Sample Set Seven Continued
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RL00048
Biological Barrier, LRV
vacuum Challenge Result
18.4 780000 3 0.000385
18.4 780000 1 0.000128
18.4 780000 2 0.000256
18.4 780000 4 0.000513
18.4 780000 1 0.000128
18.2 840000 0 0
18.2 840000 0 0
18.2 840000 2 0.000238
18.2 840000 2 0.000238
18.2 840000 1 0.000119
Total 8100000 16
18.3 0.000201
RL00049
Biological Barrier, LRV
vacuum Challenge Result
18.1 840000 0 0
18.1 840000 0 0
18.1 840000 0 0
18.1 840000 0 0
18.1 840000 0 0
18.2 830000 0 0
18.2 830000 0 0
18.2 830000 0 0
18.2 830000 1 0.00012
18.2 830000 0 0
Total 8350000 1
18.15 1.2E-05
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Sample Set Seven Statistical Summary
Sample Set 7
Mean 0.0002578
Standard Eirror 8.28626E-05
Median 0
Mode 0
Standard Deviation 0.000786
Sample Va riance 6.17959E-07
Kurtosis 41.51061366
Skewness 5.889518109
Range 0.006346154
Minimum 0
Maximum 0.006346154
Sum 0.023205675
Count 90
Sample Set Eight
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RL00071
Biological Barrier, LRV
vacuum Challenge Result
10.4 770000 50 0.006494
10.4 770000 5 0.000649
10.4 770000 318 0.041299
10.4 770000 16 0.002078
10.4 770000 3 0.00039
: 10.3 840000 127 0.015119
10.3 840000 54 0.006429
10.3 840000 108 0.012857
10.3 840000 9 0.001071
10.3 840000 334 0.039762
Total 8050000 1024
10.35 0.012615
RL00072 ....
"
;
- ':-
Biological Barrier, LRV
vacuum Challenge Result
10.4 110000 0 0
10.4 110000 1 0.000909
10.4 110000 3 0.002727
10.4 110000 0 0
10.4 110000 0 0
10.3 120000 0 0
10.3 120000 0 0
> 10.3 120000 0 0
10.3 120000 2 0.001667
10.3 120000 4 0.003333
Total 1150000 10
10.35 0.000864
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Sample Set Eight Continued
RL00073
Biological Barrier, LRV
vacuum Challenge Result
7.4 660000 49 0.007424
7.4 660000 167 0.025303
7.4 660000 36 0.005455
7.4 660000 70 0.010606
7.1 660000 61 0.009242
10.8 640000 33 0.005156
10.8 640000 0 0
10.8 640000 26 0.004063
10.8 640000 53 0.008281
10.8 640000 134 0.020938
Total 6500000 629
9.07 0.009647
RL00074
Biological Barrier, LRV
vacuum Challenge Result
10.3 320000 0 0
10.3 320000 0 0
10.3 320000 0 0
10.3 320000 1 0.000313
10.3 320000 1 0.000313
' '
10.3 120000 0 0
10.3 120000 14 0.011667
10.3 120000 1 0.000833
10.3 120000 4 0.003333
10.3 120000 1 0.000833
Total 2200000 22
10.3 0.001729
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Sample Set Eight Continued
RL00075
Biological Barrier, LRV
vacuum Challenge Result
10.4 340000 112 0.032941
10.4 340000 0 0
10.4 340000 1 0.000294
10.4 340000 3 0.000882
10.4 340000 11 0.003235
10.3 330000 4 0.001212
10.3 330000 14 0.004242
10.3 330000 4 0.001212
10.3 330000 5 0.001515
10.3 330000 0 0
Total 3350000 154
10.35 0.004553
RL00076 i
Biological Barrier, LRV
vacuum Challenge Result
10.3 540000 0 0
10.3 540000 0 0
10.3 540000 0 0
10.3 540000 3 0.000556
10.3 540000 0 0
10.2 410000 1 0.000244
10.2 410000 1 0.000244
10.2 410000 0 0
10.2 410000 0 0
10.2 410000 1 0.000244
Total 4750000 6
10.25 0.000129
Sample Set Eight Continued
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RL00077
Biological Barrier, LRV
vacuum Challenge Result
7.8 480000 4 0.000833
7.8 480000 14 0.002917
7.8 480000 14 0.002917
7.8 480000 3 0.000625
7.8 480000 0 0
7.7 430000 3 0.000698
7.7 430000 6 0.001395
7.7 430000 5 0.001163
7.7 430000 3 0.000698
7.7 430000 81 0.018837
Total 4550000 133
7.75 0.003008
RL00078
Biological Barrier, LRV
vacuum Challenge Result
7.8 580000 0 0
7.8 580000 1 0.000172
7.8 580000 0 0
7.8 580000 1 0.000172
7.8 580000 2 0.000345
7.7 490000 3 0.000612
7.7 490000 1 0.000204
7.7 490000 1 0.000204
7.7 490000 0 0
7.7 490000 1 0.000204
Total 5350000 10
7.75 0.000191
Sample Set Eight Continued
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RL00079
Biological Barrier, LRV
vacuum Challenge Result
7.9 600000 0 0
7.9 600000 0 0
7.9 600000 1 0.000167
7.9 600000 9 0.0015
7.9 600000 29 0.004833
7.8 880000 166 0.018864
7.8 880000 24 0.002727
7.8 880000 0 0
7.8 880000 5 0.000568
7.8 880000 34 0.003864
Total 7400000 268
7.85 0.003252
RL00080
Biological Barrier, LRV
vacuum Challenge Result
8 660000 0 0
8 660000 2 0.000303
8 660000 7 0.001061
8 660000 3 0.000455
8 660000 5 0.000758
7.9 680000 0 0
7.9 680000 0 0
7.9 680000 0 0
7.9 680000 8 0.001176
7.9 680000 0 0
Total 6700000 25
7.95 0.000375
Sample Set Eight Continued
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RL00081
Biological Barrier, LRV
vacuum Challenge Result
9 700000 13 0.001857
9 700000 39 0.005571
9 700000 47 0.006714
9 700000 11 0.001571
9 700000 3 0.000429
9 670000 14 0.00209
9 670000 6 0.000896
9 670000 44 0.006567
9 670000 16 0.002388
9 670000 28 0.004179
Total 6850000 221
9 0.003226
RL00082
Biological Barrier, LRV
vacuum Challenge Result
9.1 620000 1 0.000161
9.1 620000 0 0
9.1 620000 0 0
9.1 620000 4 0.000645
9.1 620000 4 0.000645
9.1 670000 0 0
9.1 670000 0 0
9.1 670000 2 0.000299
9.1 670000 1 0.000149
... 9.1 670000 1 0.000149
Total 6450000 13
9.1 0.000205
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Sample Set Eight Continued
RL00083
Biological Barrier, LRV
vacuum Challenge Result
9.2 2600000 23 0.000885
9.2 2600000 33 0.001269
9.2 2600000 29 0.001115
9.2 2600000 67 0.002577
9.2 2600000 32 0.001231
9.2 450000 1 0.000222
9.2 450000 4 0.000889
9.2 450000 8 0.001778
9.2 450000 5 0.001111
9.2 450000 5 0.001111
Total 15250000 207
9.2 0.001219
RL00084
Biological Barrier, LRV
vacuum Challenge Result
9.3 510000 0 0
9.3 510000 0 0
9.3 510000 0 0
9.3 510000 2 0.000392
9.3 510000 1 0.000196
9.7 1500000 1 6.67E-05
9.7 1500000 0 0
9.7 1500000 4 0.000267
9.7 1500000 11 0.000733
"
9.7 1500000 3 0.0002
Total 10050000 22
9.5 0.000185
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Sample Set Eight Statistical Summary
Sample Set 8
Mean 0.0029640
Standard Error 0.00057183
Median 0.000645161
Mode 0
Standard Deviation 0.006742
Sample Variance 4.5451 6E-05
Kurtosis 16.46268207
Skewness 3.859276604
Range 0.041298701
Minimum 0
Maximum 0.041298701
Sum 0.411990331
Count 139
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Appendix C
DuPont Richmond TestMethods
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Summary ofTest Methods
Delamination Strength
This is a test unique to TYVEK. TYVEK is produced as a series of layers. This is a
measure of the bond strength between successive layers within the TYVEK structure.
It is similar to a 180 adhesive peel test with no control of the sample tail angle. Results
are reported as load per unit width of the test strip.
Gurley Hill Porosity
The time to pass 100 ml of air through a porous membrane at a pressure differential of
125 cm water, reported in seconds. Note that in this test a more porous material has a
lower value.
Basis Weight
The average weight per unit area of the TYVEK sheet.
Seal Strength
This is a generic test for determining the strength of the adhesive bond between the top
web (Tyvek ormedical grade paper) and the bottom web of a package. The details of
the method and the resulting values vary between companies. In the DuPont Tyvek
version of the test, the Tyvek is turned
180
and the angle of the tail is controlled
throughout the test. The value reported in the average force per unit width to pull the seal
apart, exclusive of starting and ending anomalies.
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Property
Delamination Strength
Gurley Hill Porosity
TestMethod(s)
DuPont Richmond TM-0005-90
ASTM D583
DuPont Richmond TM-0056-90
Spencer Puncture ASTM D3420-85
DuPont Richmond TM-1268-90
Basis Weight ASTM Dl 117-80
DuPont Richmond TM-0027-90
Microbial Barrier ASTM F 1608-95
TM-0005-90 Tyvek Bond (Delamination) Strength
Delamination by Constant Rate-of-extensionMethod
TM-0034-90 Resistance to Passage ofAir (Gurley-Hill Porosity)
Gurley Densitometer Method
TM-00 1 0-90 Tyvek Basis Weight (Fabric Weight) Determination
Small Sample Method
TM-0027-90 Tyvek Thickness Determination
Linear Distance Between Parallel Surfaces Method
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